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ABSTRACT 

The dispersion of beryllium from beryl-bearing pegmatites in 

Southern Rhodesia and Uganda was studied with, the aid of a rapid 

colorimetric field test utilizing berillon II. 

Two variations of the analytical procedure, a titration and 

a buffer method, were used, both capable of determining Be in the 

range 0.5-600p.p.m.with a productivity of 40-60 samples per man 

day. These methods were applied to the estimation of Be in rocks, 

minerals, soils, vegetation, stream sediments and waters. 

Given suitable topographic and host-rock environments, 

anomalous Be values in the coarse fractions of soils were detected 

for distances up to 900 feet away from the mineralisation. 

Anomalous values were also detected in stream sediments for many 

thousands of feet downstream from the bedrock source. 

In the vicinity of the pegmatites examined, anomalous amounts 

of Be in the coarser size-fractions of soils and stream sediments 

are considered to be due to beryl fragments, the distribution of 

which is dominantly governed by the mechanical dispersion of 

resistant beryl grains during the course of weathering and 

erosion. The Be content of the clay fraction, however, may be 

derived by the weathering of less stable rock-forming minerals. 

In the study areas Be apparently is not concentrated in 

vegetation, organic carbon, clay or chemical precipitates. The 
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mobility of the minor amounts of the metal released from 

weathered felspars and other rock forming minerals is probably 

controlled essentially by the pH of the environment. 

Practical applications of the results are considered in 

relation to the problems of mineral exploration for beryl-pegmatites 

under the conditions prevailing in the study areas. 
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I INTRODUCTION  f  

Recent advances in technology have brought to light many 

possible new uses for the minor metal beryllium, the main use of 

which had previously been in the preparation of alloys. For 

instance the metal may eventually have important applications in 

atomic reactor technology. Furthermore Be is being considered as 

a structural material for supersonic aircraft due to its light 

weight and strength at high temperatures (Nartin, 1960). High 

cost of the metal and limited known natural resources, of which the 

mineral beryl is the only present source, may limit the widespread 

use of Be in the immediate future. 

The average abundance, or clarke, of beryllium in the earth's 

crust has been estimated to be within the range 1.7-10 p.p.m. (parts 

per million), and the figure 4,2 p.p.m. given by Vinogradov (1956) 

may be a fair average. Although the greater part of the metal is 

dispersed as a trace constituent in common rock-forming minerals 

there is a tendency for Be to concentrate in the final phases of 

crystallisation of magmas, particularly in acid and intermediate 

pegmatites. The average clarke of Be in all pegmatites is about 

20 p.p.m., and in beryl-bearing pegmatites it is approximately 

200 p.p.m. (Beus and Fedorchuk, 1955). 

The main. Be mineral in pegmatites is beryl and although other 

Be minerals occur they are at present commercially unimportant. 
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The beryl is normally concentrated within particular zones of the 

pegmatite body, and. if the concentration is sufficiently great and 

the mineral is coarse enough to permit hand-sorting, the deposit 

can often be profitably mined. Mechanical processes have been 

devised for concentration of fine-grained beryl which cannot be 

hand-sorted, but they have not been entirely successful. 

In the event of a rapid increase in the demand for Be in the 

future, much larger resources of beryl will clearly be needed to 

supplement those already known. 

Although euhedral beryl crystals can be recognised readily, 

the massive variety may resemble quartz, felspar or some of the 

lithium minerals. The tests for Be or for beryl, previously 

described, are not entirely satisfactory for field use. Perry 

and Cooke (1946) applied spectrosoopy to the identification of 

minerals whilst prospecting for beryl. Geochemical and biogeo-

chemical methods have been used in Russia to locate Be anomalies 

related to beryl pegmatites, also with the aid of spectrography 

(Zalashkova et al,1 1958,and Karaeva et al.,1958). An instrumental 

method for the determination of Be, in which neutrons emitted by 

the element when it is activated by gamma-rays are counted, was 

developed by Brownell (1959). Many oolorimetric and fluoricwtric 

methods have been devised for the identification of Be in rocks, 

minerals and soils (McVay, 1960, and Dressel et al.,1960) but the 

tests lack sensitivity and are not directly applicable to large- 
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scale geochemical prospecting surveys. 

The present problem arose when the U.K. Ltomic Energy Authority 

invited the Geochemical Prospecting Research Centre at Imperial 

College to undertake a study of the application of geochemical 

methods to the search for beryllium ores, particularly in beryl 

pegmatite areas in Rhodesia and Uganda. The project formed part 

of a co-ordinated programme which included research and development 

work on geochemical and instrumental (gamma-neutron beryllium 

monitor) techniques undertaken by the National Chemical Laboratory, 

the Atomic. Energy Research Establishment at Harwell and the Atomic 

Energy Division of the Geological Survey of Great Britain. 

In January, 1959, Dr. J. S. Webb; with the assistance of 

members of the staff of the United Kingdom Atomic Energy Authority, 

carried out preliminary sampling in the vicinity of a number of 

pegmatite occurrences in Rhodesia. The samples were returned to 

London where they were analysed spectrographically. The results 

have been described by Webb and Debnam (1959), and Kerbyson and 

Webb (1959). Anomalies with peak values of 10-80 p.p.m. Be were 

detected in the -190 micron fractionm of samples of residual over-

burden derived from beryl pegmatites of marginal or economic grade. 

No anomalies were obtained over sub-economic dykes. In some areas 

there was evidence of anomalous values in the local drainage but 

they could not be valuated due to possible contamination. For 

both soils and stream sediments, background values ranged from 

For details of fractions see Table 46; Appendix 1 p.190. 
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less than 3 p.p.m. Be in material derived from schist, to 

6-10 p.p.m. in material derived from granite. 

The investigations described in this thesis were carried out 

during a nine-month visit to Africa, from April to December, 1959. 

The analytical procedures are discussed in Section II. The 

results obtained from detailed studies in selected areas in 

Southern Rhodesia and Uganda, where different geological, 

topographic and climatic conditions prevail, are presented in 

Section III. Each area is considered separately and particular 

emphasis is given to the distribution of Be in soils and stream 

sediments. In SectionlVthere is a detailed discussion on the 

probable reasons for the types of Be distribution observed. 

Following a summary of conclusions in Section V provisional 

prospecting procedures for locating Be mineralization are given 

together with recommendations for further research. Sampling 

and analytical techniques employed during the work are detailed in 

Appendix I. Previous publications which deal with the project are 

given in Appendix II. 
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II THE DETERMINATION OF BERYLLIUM 

1. GENERAL  

The analytical chemistry of Be has been studied by Vinci 

(1953), Toribara and Sherman (1953), and Sandell (1944). These 

authors list the various reagents used for the determination of 

the metal and describe analytical procedures. In general, the 

methods for the estimation of micro-quantities of Be consist of 

sample attack and solution, followed by the complexing or 

removal of interfering ions, and a colorimetric or fluorimetric 

determination with a specific reagent. 

In addition, spectrographic (Creitz, 1958), radiometric 

(Milner and Edwards, 1959) and chromatographic (Agrinier, 1958 

and Feigl, 1958) methods of Be determination have been used. 

2. COLORIMETRIC METHODS USING BERILLON II 

Most of the procedures referred to above lack the sensi-

tivity and/or selectivity required in a geoohemical prospecting 

field method. A colorimetric reagent, found to be suitable for 

the present project by Hunt et al.(1960) was Berillon II* 

(berillon). This reagent was first prepared by Lukin and 

*Berillon II is: 8-hydroxynaphthalene-3, 6-disulphonic acid - 
(1-azo-2')-1' -8'-dihydroxynapbthalene..3'-64-disulphonic acid as 
the di- or tetra-sodium salt, i.e. SO

3Na 
H H 
0 0 	HO 

N = N 
SO3Na 

Na038 "\/\,/f• SO3Na 
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Zavarikhina (1956), and its behaviour with Be with respect to 

colour changes with pH variations, interferences and sensitivity 

has been studied by Karanovich (1956) and Hunt et al. (1960). 

The most important characteristic of berillon is the blue 

complex formed with Be at pH values of 11-13, which contrasts 

with the red-violet colour imparted to solutions of lower pH. 

Both the above authors use EDTA (ethylenediaminetetra-acetic 

acid) to suppress the interference of most metal ions, but 

whereas the former uses ascorbic acid to complex ferric iron the 

latter uses N0N-di (2-hydroxyethyl) glycine (or Nervanaid p). 

The data obtained in the field and subsequently in London 

was obtained with provisional colorimetric procedures which 

included a titration method devised by the writer, and a buffer 

technique originated by R.E. Stanton, both of these tests being 

based on the analytical approach used by the National Chemical 

Laboratory chemists at a time when their field method was in an 

early stage of development. This latter method (N.C.L. Method) 

and the initial provisional buffer technique have been described 

by Hunt et al.(1960). Procedures for an improved provisional 

buffer method and the titration method are given in Appendices 

1 and 2 of this thesis,respectively. All the techniques are 

discussed and compared below. The sample attack and leaching 

procedures are virtually the same for each method; the main 

variations occur in the approach to pH control. 
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A. Titration Method 

The detailed procedure is given in the Addendum of Appendix 

2, p.343-4. 

In common with the other berillon methods, EDTA and 

Nervanaid F are used to complex all the interfering ions, so 

that the determination is specific for Be. 

In this procedure the optimum pH for the maximum development 

of the blue berillon-Be complex is approached gradually by 

titrating the solution dropwise with 0.5N (2 per cent) NaOH. 

The colour change is from red-violet to violet or blue depending 

on the presence in the solution of small or large amounts (L1. 

micrograms or more) of Be respectively. The maximum blue component 

of the colour, due to the berillon-Be complex, persists over the 

pH range of 11.5-12.2 during the addition of 4 drops (0.15 ml) 

of the 0.5N NaOH (Fig. 1). 

The titration is possible due to the rapidity of development 

of the coloured complex at optimum pH conditions. It allows 

maximum colour sensitivity at the correct pH value and permits 

considerable latitude for errors in amounts of reagents added, 

due to the rigid control of the final conditions. Provided that 

the tubes in which the test is carried out are kept tightly 

stoppered, the colours will remain unaltered for up to at least 

three months. 
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B. Improved Buffer Method  

The original buffer method is not particularly tolerant to - 

interference from ions such as ferric iron and chromium (Hunt 

et al. 1960). An improved buffer in which (a) the addition of 

Nervanaid F removed interference due to ferric iron, and (b) 

reduced concentration of tri-sodium orthophosphate prevented 

crystallization of this material on standing, was prepared by the 

writer and used for most of the Be determinations carried out 

in London subsequent to the field investigations. 

In this method the pH of the final solution is buffered 

within the range 11.45-11.7, at which the blue component of the 

mixed colour, due to the berillon-Be complex, reaches maximum . 

development (Fig. 2). Although this range is rather narrow it 

permits wide variations from the standard conditions owing to the 

buffering effect of the sodium phosphate. To compensate for the 

effect on pH of the 2m1 of 0.2N HNO3 test solution, to which 

10m1 of the buffer is added during the testing operation, it is 

necessary to prepare a buffer of pH 12.0; the final pH is then 

11.55, approximately in the centre of the optimum range. 

The relationship between the blue component of the mixed 

colour and the Be concentration is not linear (Fig. 3) and there-

fore does not follow Beer's Law over the range 0-4 meg Be. The 

departure from a linear relationship may be due to the overlap of 

the absorption curves for the red-violet berillon reagent and the 
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blue berillon-Be complex (Fig. 4). The greatest difference 

between optical density for the reagent and the complex occurs 

at a wavelength of 635 milli-microns, and this wavelength was 

used to obtain the curve in Fig. 3. The absorption data was 

determined by Miss A. J. MacDonald, with a Unlearn SP600 

spectrophotometer. 

C. N.C.L. Method  

In this procedure there is no attempt to control the pH 

rigidly, as in the other methods, but pH variations are minimised 

by carrying out the test at the high pH level of 12.5-12.6. 

Thus the method operates at a pH where the curves shown in Figs. 1 

and 2 have a steep slope. This is a probable weakness, as only 

slight variations of pH will affect the amount of blue component 

of the mixed colour, producing erroneous Be values and a poorer 

accuracy. Maximum sensitivity is also sacrificed. 

The writer has found that by increasing the berillon 

concentration to 0.02 per cent (from 0.005 per cent), it is 

possible to view the tubes transversely rather than along the 

vertical axis, as detailed by Hunt et al.(1960). This not only 

eliminates the necessity of removing stoppers from the tubes, 

but it also permits the standard solutions to remain stable for 

several weeks. There is no loss in sensitivity. 

D. General Discussion of the Berillon Methods  

In a comparison of the Be values produced by the three 

berillon methods (Table 1), the results given by the gamma- 
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sample 
No. 	 

Titration 

Colorimetry 

Buffer 

p.p.m. Be 

N.C.L. 

Gamma-
neutron 
assay * 

Spectrq- 
graphYT 

6275 0.4- < 0.5 0.5 1 5 

76 I 1 0.5 3 8 

77 16 9 12 20 35 

78 35 25 19 45 55 

79 30 19 25 35 45 

80 90 60 65 90 100 

81 110 65 70 100 105 

82 90 60 60 70 80 

83 25 18 25 25 25 

84 25 13 17 17 25 

85 20 10 1.5 13 16 

86 13 8 8 10 8 

-190 micron fraction, dry-sieved and uncrushed 

neutron assay technique (Bowie et al.1960) and by spectrochemical 

analysis (Kerbyson and Webb, 1959) are included. Despite evident 

TABLE 1 

Comparison of Be values obtained by 

various laboratory techniques  

*Gamma neutron assays by U.K.A.E.A., Salisbury. 
+Spectrographic analyses by J. D. Kerbyson. 

27. 



bias, each. method 4.8 capable of distinguichifig betieeia 

high and low values. 

There is, however, a general tendency for the colorimetric 

figures, particularly those given by the buffer and N.C.L. methods, 

to be low in comparison with those of the other methods. This 

tendency is more emphasised when minerals, or the coarse fractions 

of soils, are analysed. The probable reasons for the low values 

are discussed below:- 

1. Sample attack Incomplete sample attack, which could occur 

if coarse particles are present, or if some minerals are not 

susceptible to the treatment with fluoride e.g. pure quartz and 

perhaps albite, could result in low values. It has been shown 

by Hunt et al.(1960), that beryl in a finely dispersed state is 

completely attacked by the ammonium fluoride treatment. 

2. Heating Insufficient heating at the end of the sample 

attack may not convert all the iron in the sample to the 

insoluble oxide, with the result that large amounts of ferric 

iron, which may not be complexed entirely by the Nervanaid F, 

may be dissolved by the acid leach. 

3. Incomplete solution If a sample is completely attaoked 

the residue may form a glassy melt which is difficult to leach. 

The effect is particularly noted when coarse-fractions and 

minerals are analysed. In some cases only 60 per cent of the true 

content may be determined in the first analysis (see sample no. 

7646, Table 2). 
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TABLE 2  

Effect of incomplete solution of the residue from 

ammonium fluoride attack 0Buffer method) 

Sample 
No. 

Size- 
fraction 
(microns) 1st 

Attack 

p.p.m. Be 

1st Residue 
re-extracted 

2nd 
Attack 

3rd 
Attack 

77o -190 10 1 2 

837 -190 13 3 3.5 

2497 -190 11 3 

5393 -190 100 24 

7619 2000-6350 42 3 3 

11 470-900 160 6 4 

11 2-20 370 26 

7623 -190 70 17 

7625 900-2000 54 
H 100-190 36 3 4 

7628-29 470-90o 6o 0.5 1.5 

20-80 13o 2.5 4 

7646 -190 32 13 5 

7649 -190 20 8 2.5 

7687 -190 90 6 

4. Precipitation A precipitate sometimes forms in the final 

test solution, particularly when the original sample contains 

readily attacked felspars. Spectrographic analysis of the 
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precipitate (by Miss D. A. Poynter) indicates that the predominant 

metallic constituents are Al and Si, with minor Mg. They are 

probably in the form of hydroxides. The precipitates flocculate 

10-15 minutes after the final test solutions have been mixed. 

Britton (1956) attributes this delay to the presence of nitrate 

in the solution, and the effect may be accentuated by the presence 

of EDTA. 

Although the precipitates settle to the bottom of the tubes 

after flocculation and do not interfere with the colour comparisons, 

they may, however, co-precipitate or adsorb some of the Be present 

in the solution, resulting in low values. Errors due to this 

source may be minimised, or even eliminated, by testing small 

aliquots of test solution (Table 3) e.g. for sample no. 3393 a 
TABLE 3  

Effect of reduction in test-solution 

aliquot on Be value (Buffer method) 

No. 

179 

Sample 	 

2 

32 

p.p.m. 

Aliquot 

1  
40 

Be 

(ml) 

0.5 0.2 

181 30 35 4.0 
182 27 34 

3389-92 17 20 

3393 25 30 30 
3394 28 40 

4665 100 95 
4671 30 35 40 

5304 50 56 
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strong precipitate was produced with a 2 ml aliquot; by reducing 

the aliquot to 1 ml much less precipitate was apparent, and 

with a 0.5 ml aliquot it was absent. 

This effect of adsorption of Be on the precipitate is 

demonstrated also by adding 2 micrograms (mcg) Be to a sample 

extract and determining the Be in solution, using various 

aliquots: 

24p.m Be 	Loss, p.p.m Be  

Original value 
	

11 

Equivalent Be added 
	

20 

Apparent content, 2 ml aliquot 
	

26 	 5 
It 	 1 ml aliquot 	30 

In view of this effect, it is advisable to reduce sample 

aliquots if precipitates occur. 

If two or more of the factors discussed above occur in 

a single determination, a rather low value may be expected from 

the colorimetric determination in relation to that which would 

be obtained by the gamma-neutron assay, or from spectrography. 

However, the majority of determinations carried out in the 

present investigation dealt with the fine soil fractions, and the 

above factors were at a minimum. Thus the buffer method was 

adopted for general use, and the possibility that some values 

may be low must be borne in mind. This, however, is a failing 

of all the colorimetric procedures, and additional research is 

required to perfect these methods. 
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E. Performance of the Analytical Methods  

The performances of the various analytical techniques are 

summarized, in Table 4. 

TABLE 4 

Comparison of performances of various  

analytical methods for Be' determination 

Colorimetry 

Feature Titra- 
tion Buffer N.C.L. 

Gamma-
neutron 
assay 

Spectro—
graphy 

Sensitivity (mcg) 0.05 0.05 0.05 
(PeP•ra.) 0.1 0.5 0.5 3* 1 

Range (p.p.m.) 0.1-600 0.5-600 05.-600 3-50,000 1-5,000 

Precisiont 
(per cent) + 15 + 20 +30 +30 + 50 

(Mean 
reproducibility) 

Productivity 40-50 50-60 50-60 8t 25-35 

*Gamma-neutron assays at very low levels require counting periods 
of at least 12 hours. 

betermined by the method of Craven (1954). In this method of 
calculating accuracies, a statistical series is prepared by 
mixing two samples, with high and low Be contents, in known 
proportions. The series is analysed by a particular procedure 
and the Be values obtained are used to calculate the standard 
deviation, from which the mean reproducibility is obtained. The 
accuracy is at the 95 per cent confidence level. 

Productivity of the gamma-neutron instrument depends upon the 
tenor of the samples and the accuracy required; those con-
taining 10-100 p.p.m. Be would need at least 1 hour per sample, 
given an acceptable precision. However, one man could 
operate more than one instrument simultaneously. 
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F. Rapid Field Test for Beryl  

A rapid field test for the identification of beryl is 

desirable owing to the similarity of some varieties of beryl to 

quartz and felspar. Some attention has been given previously 

to this problem; varying success has been achieved by Anderson 

(1957) with heavy liquids, by Kulcsar (1943), Jedwab (1957), 

McVay (1960) and Dressel and Ritchey (1960) with colorimetry, 

and by Feigl (1958) with spot tests. 

The writer has developed a method, using the berillon 

reagent, which gives a rapid and distinctive identification of 

beryl. Up to 20 mineral fragments (2-5 mm diameter) may be 

tested concurrently. 

The mineral fragments are sintered with ammonium fluoride 

in a 25 ml silica crucible for 2 min, after which the heat is 

increased to drive off excess fluoride. If only one fragment 

is being tested the following additions are made directly to the 

fragment in the crucible: 5 drops of 0.2N HNO3, 1 drop of 0.5 

per cent berillon reagent (dissolved in water), and 2 per cent 

NaOH dropwise. If the mineral fragment is beryl a strong blue 

colour will develop in the solution after the addition of about 

8-10 drops of NaOH. However, if the colour of the solution 

remains red-violet the fragment is not beryl. In the case where 

several fragments have been treated, they are placed on a 

filter paper at least 1 cm apart. Onto each fragment 2 drops 
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,of 0.2N HNO3, 1 drop of 0.5 per cent berillon reagent and 2-3 

drops of 2 per cent NaOH are placed consecutively, so that after 

each addition the liquid soaks into the filter paper. A strong 

blue coloration develops on the paper beneath a beryl fragment, 

whereas only dark red-violet colours appear beneath other 

minerals. 

The method should apply to other Be minerals, provided that 

they are attacked by the ammonium fluoride. 



III. THE OBSERVED DISTRIBUTION OF BERYLLIUM 

IN THE VICINITY OF BERYL PECMATITES  

During the course of the field investigations approximately 

8,000 samples were collected, mainly of rocks, soils and stream 

sediments, together with a few vegetation and stream water 

samples. The locations of the study areas at the Bepe and 

Mistress claims in Southern Rhodesia, and at Ishasha in South 

West Uganda, are shown in Fig. 5. 
Each of the three study areas and the results obtained 

therein are described under separate headings on the following 

pages. 

1. BEFE AREA, SOUTHERN RHODESIA 

A. Description 

Physical features: The Bepe area is situated near the 

eastern border of Southern Rhodesia, at latitude 19°10'S and 

longitude 32°O'E (Fig. 6). 

Although the area lies within the tropics the prevailing 

climate is sub-tropical with hot, wet summers and cool, dry 

winters. The summer mean daily maximum temperature is above 

80°F and the mean minimum above 60°F. During the winter daily 

temperature may rise to 75°F or more, whereas the night 

temperature may approach freezing. The rainfall is distinctly 

seasonal with more than 80 per cent of the total mean 

precipitation of 25 inches occurring during the four months 
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November February inclusive. 

The predominant vegetation is thin sub-tropical deciduous 

forest; in places the trees, which do not exceed forty feet in 

height, have been cleared for cultivation. The two species 

selected for sampling were: 

Terminalia sericea 	(common name: mususu) 

and BradwsteRia boehmii (common name: mupfuti) 

The Bepe claims are situated at the foot of the northern 

slopes of the Bepe Hills which form the south-western end of 

the Mtanda Range, a series of hills extending for 30 miles to 

the north-east. 

The generally predominantly flat terrain is 2,800-2,900 feet 

above sea-level, and above this level the Bepe Hills rise 

abruptly to heights of 500-700 feet. The pegmatites usually 

form minor topographical features rising to heights of up to 

50 feet above the general level. 

The Bepe Hills form the watershed between the Mukubu River to 

the north and the Mwerahari River to the south (Fig. 7) and 

thereby control the local drainage. Each of these rivers flows 

east into the Sabi River, but whereas the Mwerahari River flows 

strongly throughout the year the Mukubu River and all smaller 

streams are seasonal, flowing only during the wet season. 

The main rock types in the eastern part of Southern 

Rhodesia belong to the Pre-Cambrian Basement Complex, consisting 
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of granite, granite gneiss or basement schists. The latter 

rocks constitute the numerous "gold belts" of which the Odzi 

gold belt is an example. This belt is apparently more 

resistant to erosion than the surrounding granite and is the 

cause of the prominent Bepe Hills and Mtanda Range. 

Geology: The geology of the Odzi gold belt has been described 

by Swift (1956). The general form of the belt appears to be 

that of a narrow syncline, the dips of the rocks being 70 to 

85 degrees towards the central axis which probably originated 

during the emplacement of granite. The dominant rocks of the 

belt are ultrabasic in composition, namely serpentines, talc-, 

tremolite- and actinolite-schists, often intimately associated 

with numerous thin bands and lenses of banded ironstone. 	The 

sedimentary rocks include banded ironstones, impure quartzites, 

arkoses and limestones. The intrusion of granite into the 

above rocks was accompanied by metamorphism and mineralization. 

Both granites and schists are cut by aplites and granite-pegmatites. 

During a period subsequent to the metamorphism, bodies of dolerite 

were emplaced in both schists and granite, mostly as sills. The 

sedimentary rocks occur mainly on the tops of hills in the axis 

of the belt; the schistose rocks, which weather more readily 

than the massive rocks, occupy the low ground on the sides of the 

gold belt and the cols between the higher hills. The local 

geology of the Bepe area is presented in Fig. 7, which also 
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gives the positions of the Bepe 2 and Bepe t4. pegmatites. 

During the present investigations an intensive study was 

made of the primary and secondary dispersions of Be in and 

around the Bepe 2 pegmatite which has been intruded unconformably 

into tremolite schists (Figs. 8 and 10). This pegmatite 

conforms with the group of fully-differentiated muscovite-

microcline pegmatites according to the paragenetic zonal 

classification of granitic beryl-bearing pegmatites drawn up 

by Beus (i956a). Pegmatites of this group exhibit normal 

development of a zone of medium- and coarse-grained pegmatite, 

predominant development of the zones of massive microcline 

and massive quartz, wide development of a muscovite replacement 

and weak development of an albite replacement complex. 

In plan, the Bepe 2 dyke averages more than 200 feet in 

width, over a length of 350 feet. At the western extremity 

where it has been worked in the Lucky Bean open-cast the dyke 

thins to less than 100 feet in width. The shallow dip of 

25° along the northern and eastern boundaries, and the almost 

vertical dip of the western boundary may indicate that 

erosion has only exposed the apical portion of the pegmatite 

body and that its thickness probably increases in depth. 

The northern and eastern contacts with schist (dipping at 

25°) are characterised by a 6-i 8 in. aplitic selvedge which is 
extremely hard and fine-grained and is composed chiefly of 

albite, spodumene, quartz and kaolin. This rock is also 
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present at the contacts with the schist wedge which divides the 

pegmatite off-shoot on the southern side of the dyke from the 

main pegmatite, but it is absent along the southern boundary of 

the off-shoot, indicating that this may be a faulted contact 

with the schist. 

Enclosed by the marginal aplite (or directly in contact with 

schist if the aplite is absent) is the outer zone of the dyke, 

consisting of medium-grained quartz-felspar-mica pegmatite. 

On the northern side of the dyke this zone is 30 feet wide; on 

the southern side it is 50 feet in width. On either side schist 

inclusions or projections may occur within this zone. The 

pegmatite body is reasonably well differentiated and the outer 

zone has a sharp boundary with the inner zone composed of giant 

crystal-blocks of potassium felspar (microcline-perthite) with 

dispersed quartz blocks of small dimensions. This zone is 

180 feet wide. The quartz core is only weakly developed, being 

less than 5 feet in width. Muscovite replacement zones occur in 
the south-western section of the dyke; there is noticeable 

albitization in sections of the potassium felspar inner zone and 

the medium-grained pegmatite outer zones. Some biotite and 

tourmaline is associated with the quartz core and a thin band 

of biotite-tourmaline schist is usually present at the 

pegmatite-schist contact. 

The beryl is mainly concentrated as large crystals or 

crystal nests in the quartz core, but crystals also occur throughout 
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the potassium felspar zone, particularly in close association 

with the quartz blocks. In addition there is an increased 

concentration of beryl in the outer zones of partly albitised 

medium-grained pegmatite and in the muscovite replacement complex. 

According to Beus (1956a) the chief characteristic of the fully-

differentiated muscovite-microcline pegmatities is the coarsely-

crystalline nature of the beryl which has a small alkali content. 

This type of beryl has well developed hexagonal crystals of long-

prismatic habit, e.g. one crystal exposed at Bepe 2 was 14. inches 

in diameter and greater than 2 feet in length. Crystals are 

seldom less than one inch in diameter and two inches in length, 

a factor which facilitates benefication by hand-sorting. The 

occasional beryl crystals in the inner potassium-felspar zone 

are alkali-rich and may also be of large dimensions, but those 

in the aibitised portions of the outer zones are relatively small 

though more uniformly distributed. Beus (1956a) considers that 

the beryl content of this type of pegmatite varies between 

0.2 and 0.5 per cent, rarely exceeding the latter limit. 

The Bepe 4. pegmatite belongs to the same group of the Beus 

classification as the Bepe 2 dyke, the beryl again being chiefly 

associated with the quartz core. 

Overburden: With the exception of ridge crests and stream 

courses, the geology is generally concealed beneath a dominantly 

residual overburden ranging from 1 to 8 feet in thickness. In 



general terms, the type of bedrock determines the character of 

the overlying material in which changes in colour are commonly 

apparent on passing from one bedrock to another. Soils over- 

lying granite and pegmatite show a slight tendency to differentiate 

into horizons but these are distinguishable only on the basis 

of colour and not on textural relationships. Schist soils, 

on the other hand, show very little profile differentiation. 

In the absence of any visibly distinct B horizon, soil 

profiles are subdivided simply into a topsoil, often showing 

traces of organic matter or a fine texture, overlying a mineral 

subsoil which may differ in these respects and in colour from 

the topsoil. 

Typical profiles of soils developed over pegmatite, schist 

and granite in the Bepe area are described below. 

Soil Profile Developed over Pepuatite. Bepe 2 
(10N in Trench Traverse) 

Depth,  
ins. 

0-4 	Topsoil Grey-brown loam with some angular quartz 6.8 

fragments up to 2  in. in diameter. 

4-i0 	Grey-brown loam with angular quartz 

fragments up to 1 in. in diameter. 

10-17 Subsoil Grey brown (at top) grading to brown (at 6.0 

bottom) sandy loam between angular quartz 

rubble up to 2 in. in diameter. 

Horizon Colour and texture 

   



Depth,  
ins. Horizon Colour and texture 

   

      

17-26 Weathered bedrock, mainly angular gravel (474 in.) 

of felspar with a little reddish-brown 

sandy loam between the fragments and some 

angular quartz fragments up to 1 in. in 

diameter. 

26+ Weathered bedrock, soft brownish white weathered 

felspar. 

The grey-brown colour of the topsoil is quite distinct from the 

brown and red brown colours of deeper horizons and it may be due 

to a combination of sesquioxide leaching and the influence of 

small amounts of organic material. The profile described is 

above the potassium felspar zone of the pegmatite and the 

numerous angular quartz fragments are probably derived from the 

quartz blocks which are present throughout this zone. Profiles 

over the outer zones of the pegmatite contain more mica and 

quartz in the lower horizons. 

Soil Profile Developed over Schist, Bepe 2 
(300N 200E) 

Depth,  Horizon 	Colour and texture 	gH ins. 

0-3 	Topsoil Dark-brown clay-loam, no fragments. 	6.6 

3-6 	Subsoil Dark-brown to brown clay loam, 

granular, with some weathered schist and 

banded-ironstone fragments. 
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DeMt42. Horizon ins. 

6-11 Strongly weathered schist, mainly dark-brown 

mottled with black, yellow and green, 

quite soft. 

11-19 Weathered schist, mainly brown mottled black, 

brown and white. 

This profile 4iffers from that previously described in that the 

topsoil is almost indistinguishable from the subsoil, there are 

no quartz fragments and there is a much higher percentage of clay-

sized material. Organic material does not appear to contribute 

appreciably to the characteristics of the topsoil. 

Soil Profile Developed over Granite, Bepe Area 

PARIP.s. Horizon 	Colour and  Texture  
ins. 

0-9 	Topsoil Grey-brown sand with fine quartz gravel. 

9-18 Subsoil Brown sand with fine quartz gravel and some soft 

white weathered felspar. 

18-26 Weathered granite, mottled white, brown and black, mainly 

quartz and white weathered felspar. 

B. 	Beryllium Distribution at the Bepe 2 Pegmatite  

i. 	Pegmatite minerals and wall rocks 

The Be contents of the principal components of the Bepe 2 

pegmatite are presented in Fig. 9. The marginal aplite contains 

Colour and texture 
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p.p.m. Be 

Bepe 2 

Outer zone:: 
medium- andl Inner zone: 
coarse- 	massive 
grained microcline 
pegmatite 

Muscovite 
Quartz  and albite 

replace- core merit 
zones 

Mongol Altai 
(Solodov,1958) Mineral 

0.5 0.5-1 .0 0.5 2 

3 1.5-3 5-10 

6-7 7 7 12-20 

i4-60 13 13 32-46 

3-36 

10-64 13 

quartz 

micro-
cline 

albite 

muscovite 

tourma-
line 

biotite 
(at 

contacts 

Samples crushed to -100 microns 

30 p.p.m. Be (54. p.p.m. by gamma-neutron assay) at the northern 

boundary and 240 p.p.m. Be (230 p.p.m. by gamma-neutron instrument) 

at the boundary with the schist wedge on the southern side. These 

samples probably include fine discrete crystals of beryl. The 

amounts of Be in the minerals of the various zones are a little 

lower than those given by Solodov (1958) for a beryl bearing 

pegmatite at Mongol Altai (Table 5). 

TABLE 5 

Be in beryl-pegmatite minerals 
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The presence of small amounts of the element as an accessory 

constituent of the rock-forming minerals is further discussed 

in Section N. 

The tremolite -schist which is the host rock of the Bepe 2 

pegmatite dyke contains 0.5-1.5 p.p.m. Be; granites in the area 

have a concentration of 1-4 p.p.m. Be. These values agree with 

the accepted average contents for these rock-types, viz: 

Be p.p.m.  

Schiqts: 	Rankama and Sahama (1949) 	1 

Taylor (1955) 	1 

Granites: 	Warner et al. (1959) 	7 

Beus (1956b) 	5 

Beus and Zahina (1956) 	8 

Granite minerals: quartz, Beus and Zahina (1956) 	0.2 

felspar, 	 7 

micas, 	tt 	32  

On the south side the dyke is bounded by schist with a Be 

content of 16 p.p.m. falling off rapidly to 1.5 p.p.m. at a 

distance of 12 feet from the contact (Fig. 9A). On the north 

side only a low value of 2.5 p.p.m. is evident at the contact, 

falling off to the background concentration of 1 p.p.m. within a 

distance of 1 foot (Fig. 9D). The average amount of Be in the 

schist wedge at 1265-1425 is i6 p.p.m. (Fig. 9B), and in the schist 

wedge at 95-101N it is 2.5 p.p.m. (Fig. 90). Up to 21 p.p.m. Be 

(average 5 p.p.m.) is reported by Stoll (1945) in the mica-schist 
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wall-rocks of some New England pegmatites as a result of processes 

accompanying the emplacement of the pegmatites in which the Be 

ions have been accommodated in the space-lattices of common 

rock-forming minerals, possibly by means of recrystallisation 

of the minerals in the presence of solutions of appropriate 

composition. A similar process could have been in operation 

during the emplacement of the Bepe 2 pegmatite. However, the 

possibility that the presence of Be in the contact schist may be 

the result of secondary dispersion from the beryl-bearing quartz 

core cannot be overlooked. 

2. Soils 

(i) Background and threshold values 

Very little information on Be in soil is available in the 

literature. The majority of reported values are spectrographic 

and the Be content is usually below the limit of detection. 

Mitchell (1955) gives the normal concentration as 0.2-10 p.p.m. 

with abnormal amounts as low as zero and. as high as 100 p.p.m. 

Swaine (1955) reports 2-40  p.p.m. Be in soils from various parts of 

the world. In a recent study of East African soils Chamberlain 

(1959) found that soils from six provinces averaged 0.58 p.p.ra. Be. 

Of the 131 samples analysed only 22 had more than 1.3 p.p.m. and 

three more than 5.1 p.p.m. The latter author considers the 

possibility that residual soils reflect the Be content of the 

rocks from which they are derived. 

The local (within 2 miles of mineralisation) background Be 

values for soils over various rock types in the vicinity of the 



Bepe 2 pegmatite fall within the range 1-4. p.p.m. (Table 6 and. 

Figs. 10 and 22B); regional background concentrations are of the 

sane order (Table 6 and. Fig. 10). 

TAME 6 

Background and threshold values in the -120 micron fraction 
of soils over various rock-types. Southern Rhodesia 

Rock-type 

schist 

It 

felspar with 
graphic quartz 
intergrowth 

sericitised 
quartzite 

granite 

It 

It 

dolerite 

granite 

II 

dolerite 

It 

Location 

Bepe 2, 20008 

300N 

1  mile S.W. 2 

2000N 

600-150CS 

4- mile N 

2 mile S.W. 

1.--& mile S 

-1- mile N 

Enkeldoorn*  

Rusap: 

Dorawa* 

Inuzura*  

Figurei 

22B 

10 

10 

22B 

22B 

10 

10 

10 

10 

10 

10 

10  

10 

10 

Local  
1.0 

1.5 

1.0 

3 

2-4 

2-4 

2-4 

3-4 

2 

Regional 

1-4 

1-2 

2-3 

2 

1-2 

 	p.p.m. 

Be value  Threshold 
value 

1.5 

3 

14- 

14- 

4. 

14- 

2 

4- 

2 

3 
2 

2 

Samples - dry sieved, uncrushed 

*For location see Fig. 2 
**Threshold value is the -upper limit of background fluctuation. 
In the present work it is determined by inspection of the data. 

47. 



Backgrounds 
Granite 
Be ppm 

ON  

Bepe Bepe Dorawa Rusape Enkeldoorn 

Dolerite 
Be ppm 

OcRi ac' 02 

1 
21"  

Bepe Dorawa Inuzura 

o 	Be p p m (190,u size fraction) 
RI 	 oc4 oN   0,9 ca oa  c a colv 	ON 

Tp_psoil 
4Ni-off 
Bedrock 

ace 
"ra 20 ,-- 
"c2 	Bedrock 

10 • 	Schist 

X 	x 
X Felspar with F-Q-M 

patches and small 
xi 	ix 4,x 	quartz blocks  

200 	 I 0 
	

0 

Bepe 

Schist 
Be ppm 
oN 	cz,  

Bepe 

r2  
Bepe 

335* 

ON 

Traverse Bearing 

0 
1 
2 

Bepe 	3 
Bepe 

7 Co 

x 	r 	- F 	x  a Schist 
, 7 X

• 

100 	 200 
Distance from base line in feet 

300 N 

F16.10. DISTRIBUTION OF Be IN SOIL PROFILES , BEPE 2 AND BACKGROUND LOCALITIES . 
(-190 micron size-fraction ) 

[ Samples dry-sieved 



Granite, 
2 miles S.W.of 
Bepe 2 

0-5 Topsoil 

Sub soil 5-12 

12-24 11 

Schist, 
0-1 2 Topsoil 

20005, Bepe 2 • 112-24 Subsoil 

In the following disausgion the figure of 1 p.p.m. will 

be used for the local background Be content of soils in the 

Bepe area because schist is the most prevalent background 

rock-type in the vicinity of the Bepe pegmatites. 

Soils derived from granites appear to be slightly richer 

in Be than those above schists and dolerites and the Be content 

tends to increase with depth, Also the amount of Be increases 

markedly in the finer soil fractions of granitic soils, a 

feature which is absent in schist soils (Table 7). 

TAME 7 

Be distribution in various size-fractions of 
background soils, Berme  area 

Bedrock 
type 

1 	I Depth ., (ins) Material 

Fraction (microns) 

100- .80-
1 go 100 

.r. 	 

2-20 900- 
2000 

470-  190- 
900 470 

20- 
80 0-2 

p.p.m. 
1.51 	1.0i 1.01 	1.5 1.5 2.0' 5.5/4.0 

1.5 	1.0 1.01 	1.0 2.0 2.0 5.015.0 

2.0 1.5 1.51 2.0 2.0 2.0 3.0 5.0 

1.5 1.5 1.0 1.01.5 1.5 1.0 0.5 
0.5 0.5 2.0 .5i 1 .5 1.0 0.5i0.5 

Samples treated by sedimentation, coarse fractions crushed, 
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(ii) Distribution in the soil profile  

There are no distinct trends in the distribution of Be 

in the -190 micron fraction of soil samples from any one 

profile (Fig. 10; profile positions in Fig. 8). 

Abetter understanding of the distribution of Be in the soil 

profiles is gained from a study of its content in the different 

size-fractions. Samples from selected profiles were treated by 

the sedimentation method described in Appendix I. The size- 

analysis data is given in Table 8 and the Be value of each fraction 

is presented diagrammatically in Fig. 11. Each point in Fig. 11 

represents a Be value for material, the particles of which vary 

in size within the given limits*. The plots should strictly 

be in the form of histograms, but as it is not convenient to 

present data for several samples simultaneously on one such 

diagram the alternative linear plot has been adopted. 

*For nominal micron sizes of fractions see Appendix I. 



TABLE 8 

Mechanical composition of soil profile samples, Bepe 2 

Profile 

2000S 

Schist 

background 

300S 

on schist 

downs lope 

from 

pegmatite 

109S 

on 

pegmatite-

beryl zone 

10N 

on 

pegmatite-

felspar 

zone 

150N 

on schist 

downs lope 

from 

pegmatite 

2 mites 
SW of Bepe 

2, granite 

background 

Depth 

(in) 

0-12 

12-24 

0-13 

13-26 

26-33 

0-6 

6-12 

12-20 

0-5 

5-10 

10-17 

17-26 

0-3 

3-20 

20-28 

0-5 

5-12 

12-24 

Material 

Topsoil 

Subsoil 

Topsoil 

Subsoil 

Subsoil 

Topsoil 

Subsoil 

Subsoil 

Topsoil 

Topsoil 

Subsoil 

Subsoil 

Topsoil 

Subsoil 

Subsoil 

Topsoil 

Subsoil 

Subsoil 

900. 

2000 

2.5 

8.6 

1.8 

3.3 

1.9 

9.7 

12.0 

18.4 

2.4 

2.1 

3.6 

8.2 

3.5 

3.9 

3.8 

14.7 

18.5 

27.6 

470.- 

900 

2.3 

4.0 

3.8 

3.0 

1.6 

11.1 

14.9 

20.4 

7.4 

9.5 

10.8 

16.7 

6.8 

8.8 

2.3 

15.3 

17.5 

20.2 

Fraction 

190- 

470 

Weight 

3.7 

2.8 

8.5 

3.9 

1.6 

15.5 

15.4 

14'4 

20.6 

21.3 

20.2 

21.1 

15.8 

13.1 

2.0 

15.3 

12.7 

12.5 

(microns) 

100- 
190 

per cent 

6.9 

4.0 

11.9 

9.8 

5.6 

16.1 

14.4 

10.8 

21.8 

18.0 

18.7 

13.8 

16.3 

10.9 

5.7 

12.0 

8.9 

7.8 

100 

4.6 

2.3 

6.0 

3.5 

3.5 

6.7 

6.0 

4.6 

7.3 

7.0 

5.7 

4.7 

6.8 

4.5 

4.5 

4.6 

3.4 

2.8 

20-80 

(fine 

sand) 

27.0 

16.9 

26.8 

21.9 

23.8 

18.0 

15.5 

12.3 

19.4 

18.8 

18.3 

12.7 

20.2 

19.5 

30.8 

14.2 

11.6 

9.9 

2-20 

(sift) 

19.6 

25.7 	, 

16.3 

19.2 

30.0 

10.5 

9.4 

7.8  

9.1 

9.8 

10.2 

8.1 

13.2 

14.7 

22.6 

7.6 

8.1 

7.7 

0-2 

(clay) 

33.4 

35.7 

24:9 

33.4 

32.0 

12.4 

12.4 

11.2 

12.0 

13.5 

12.5 

14.7 

17.4 

24.6 

28.3 

16.3 

19.3 

11.5 

Samples treated by sedimentation 
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A study of the data in Table 8 indicates that:- 

(a) There are, in general; 2-3 times the amount of fine sand, 

silt and clay-size material in soils derived from schist 

than in soils derived from pegmatite; 

(b) There is very little variation in the amount of clay- 

fraction with depth in any particular profile. The 

lower clay content of surface samples from profiles 3003 

and 150N, in comparison with that in deeper samples, is 

due to the influence of upslope pegmatite soils moving 

downslopeby surface creep, as shown by the higher Be contents 

of material of the upper horizons (Figs. 11B and 11E). 

However, downward elutriation of fine material may take 

place to some extent, though a comparison with the 

background schist profile data cannot be made as the 

latter profile is situated on almost flat terrain; 

(c) The effect of pegmatitic materinl derived from upslope on 

the upper samples from profiles 3008 and 150N is 

particularly illustrated in the/JO-90Q, 190-4.70 and 

100-190 micron fractions which occur in much greater 

amounts in the upper samples in comparison to their amounts 

in deep samples. 

The main features observed in the profile values presented 

in Fig. 11 are as follows: 

(a) The range of background concentrations in the various 

size-fractions of soil over schist is 0.5-2 p.p.m. Be (see 



also Table 7) with an average content of 1 p.p.m. 

(b) In general the highest Be values occur in the coarsest 

fraction of an anomalous soil, irrespective of sample 

depth, and the values progressively decrease with diminishing 

particle size. The decrease is more pronounced in 

anomalous profiles above schist bedrock than in those 

over pegmatite, particularly in the deepest samples 

(Figs. IIB and 11E). This feature is due to the fact that, 

in contrast to pegmatite, the schist bedrock weathers to a 

soil in which -100 micron material predominates. 

Consequently, on mixing with anomalous pegmatitic soil, there 

is much less dilution in the coarser fractions than in the finer 

sizes. The feature is better demonstrated in Fig. 12 by 

a rearrangement of the plots shown in Fig. 11. Within 

each profile the Be values for each size-fraction have been 

combined on a weight basis to give a representative 

concentration for each fraction in the profile. At all 

points the amounts of Be decrease with diminishing particle- 

size. In Fig. 12B, profile 109S (beryl zone) has been 

omitted to emphasise the comparison between the profile over 

pegmatite (10N) and those downslope over schist (300S and 

150N). The change in slope of the lines representing 

the three fine fractions in comparison to those of the coarser 

fractions illustrates the relatively marked effect of dilution 

of fine-grained anomalous material by the schist weathering 

products as compared to the coarser fractions. 
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(c) For any given size-fraction the Be content of soil over the 

beryl zone is much higher than that obtained at other 

positions. This feature is emphasised in Fig. 12A. 

(d) In general the deepest sample of the profile over the 

beryl zone (109S) contains the greatest amount of Be 

whereas the deepest sample of the felspar zone profile 

(10N) contains the least amount of the metal. The 

difference is due to the low Be content of the felspar 

(1.5-3 p.p.m.) and the effect of mixing with high-tenor 

soils moving downslope by soil creep (discussion in Section IV 

P.154). 

(e) The lowest Be values in the samples are associated with 

the clay-fractions, a fact which possibly indicates that 

there is little, if any, decomposition of beryl, since 

conditions are such that any Be mobilized in this way 

would be expected to reprecipitate and occur preferentially 

in the clay-size fraction (see discussion in Section IV, 

p. 149), as appears to be the case with the Be released from 

felspars in background granitic soils (Table 7). The 

distribution pattern of the Be values is consistent with the 

mechanical decomposition of the beryl. 

(f) No evidence of a marked concentration of Be in the surface 

horizon, where organic matter is present, is shown in any 

of the profiles. In fact, in profile iCV where the topsoil 
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colour indicates the presence of large amounts of organic 

matter, the Be content of the clay fraction is 

exceptionally low. 

Similar features to those described above are shown by the 

results obtained on the different size-fractions of subsoil samples 

from the 4. profiles illustrated in Fig. 13. On the right-hand 

side of this figure a comparison is made between the weighted 

mean values of the +190 and -190 micron fractions of each sample, 

and from these it may be concluded that although Be anomalies can 

be detected readily by testing the -190 micron fraction, much 

greater contrast is achieved by testing the +190 micron 

fraction. This conclusion applies particularly in the vicinity 

of beryl zones and the schist soils downslope. Although it is 

valid under the conditions which prevail in the Bepe area it may 

not apply in other areas under different conditions. 

(iii) Lateral distribution 

Reference to the lateral distribution of Be in soils has 

already been made in the previous section where it has been shown 

that samples over the beryl zone contain greater amounts of Be than 

those collected elsewhere, and that anomalous values due to 

pegmatitic material are detected downslope in the soil above 

barren schist bedrock. 

The continuity of the Be values in soils at Bepe 2 was 

investigated by collecting and testing samples from points on a 
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series of traverses across the pegmatite (Fig. 8). The results 

obtained along Traverse 0 (Fig. 14.)  show the following points 

of interest: 

(a) A distinct anomaly with its peak coinciding with the 

pegmatite outcrop is detected whichever size-fraction is 

tested; 

(b) The anomalies diminish rapidly to background (1 p.p.m.) at 

2006. The explanation is found in Fig. 8 where it may be 

observed that a change in direction of maximum slope around 

2005 causes anomalous material to be carried away to the 

south-west, whereas the traverse continues to the south-

east over soil derived from barren schists; 

(c) The higher background values (up to 3 p.p.m. Be) between 

400S,and 800S are due to a change in bedrock lithology from 

schist to sericitic quartzite, as mentioned in Table 6; 

(d) The lateral dispersion of anomalous Be is more extensive 

along the northern portion of the traverse. With a 

threshold (i.e. the upper limit of background fluctuation, 

see Table 6) of 1.5 p.p.m. for the schist, it is observed that 

the coarse-fraction anomaly extends to 600N, the inter- 

mediate fraction anomaly to 700N and the fine-fraction anomaly 

to 500N. It is apparent that the anomalies of maximum 

width are obtained by testing the coarser fractions of the 

soils; 
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(e) In addition to broadening the anomaly, analysis of the 

coarsest fraction also gives the highest peak values. Thus, 

values up to 100 p.p.m. are recorded in the L70-2000 micron 

fraction in comparison to 15-20 p.p.m. Be in the -190 micron 

fraction; 

( ) The Be content of all fractions is low above the schist wedge 

at 50-75N, but it increases again over the narrow pegmatite 

offshoot at 100-125N. There is a similar peak in values 

at 150S, possibly due to a concealed suboutcropping offshoot 

of pegmatite. 11 small pegmatite outcrop 100 feet to the 

east of 15CS may be an extension of such an offshoot; 

(g) .The coarse-fraction values exhibit much greater variations 

between samples than do the intermediate and fine fractions. 

Homogeneity and representivity of the samples are discussed 

later on p. 64.. 

The position of Traverse 0 is disadvantageous in that it 

crosses the extreme eastern end of the dyke from which the 

dispersion of anomalous material is limited in the directions of 

the traverse due to a change of slope. More interesting traverses 

for this study would have been the Trench Traverse to the north-

west and Traverse 150W to the south from the dyke. However 

soils along each of these traverses were disturbed by cultivation 

at distances greater than 500 feet from the base-line. 
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(0) 

The results of detailed sampling at 10 foot intervals 

along Traverse J, situated entirely on the pegmatite, are 

presented in Fig. 15. It is observed that: 

(a) The values given by the coarse fraction (4.70-2000 microns) 

fluctuate markedly in comparison with those of the other 

two fractions. These variations are possibly due to poor 

representivity (see p.64); 

(b) The fine fraction values are very consistent; 

There may be a general trend showing a trough near the centre 

of the traverse with peaks on either side, a trend best 

represented by the intermediate fraction (190-470 microns). 

The peak anomalies detected in the different size-fractions 

are neither strongly developed nor do they coincide at any 

single point. It is assumed, therefore, that the traverse 

does not cross a well-defined beryl zone, although the 

values may be influenced by proximity to such a zone. 

Traverse B gave similar results (Fig. 16): 

The values obtained from the coarse fraction again 

fluctuate greatly; 

There is a decrease in Be content as particle-size 

decreases; the coarse fraction values being up to 

6-times those of the corresponding fine fractions; 
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(c) There is a general trough between two peaks, represented in 

all fractions but emphasised in the coarse fraction. The 

broad peak at the southern end of the traverse possibly 

reflects an underlying beryl bearing muscovite replacement 

complex observed in the pegmatite, while the narrow higher 

peak at the northern end may be due to beryl associated with 

the qmirtz core (Fig. 8). It is apparent that all size-

fractions may reflect zoning within the pegmatite bedrock 

and that this is best shown in the coarse fractions. 

Only the -190 micron fractions of the soil samples were 

tested in the two traverses.150W and 250ff which cross the central 

portion of the dyke. The results obtained along Traverse 150W, 

illustrated in Fig. 19A, show the following features: 

(a) A broad anomaly with values averaging 20 p.p.m. Be covers 

the entire width of the pegmatite; 

(b) An anomaly peak of 80 p.p.m. Be occurs at 1105 above the 

beryl zone; 

(c) The anomalous values decrease to background 150 feet away from 

the southern pegmatite boundary and 300 feet from the 

northern boundary. 

A similar Be distribution is apparent in Traverse 250U 

(Figs. 20.P. and 200). In this case, the beryl zone occurs at 105 

where it is represented by high values in the subsoil, although 

only low values are present in the surface soil. In addition a 

broad but weak peak between 12CB and.140S possibly represents a 
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beryl bearing muscovite replacement zone at bedrock. 

The main feature observed in the above results for the -190 

micron fraction of the soils is the general regularity and 

homogeneity of the values across the full width of the dyke. 

This regular pattern is only interrupted by high peaks over the 

main beryl zone and broader peaks over the muscovite replacement 

zone. The presence of occasional coarse fragments of beryl, 

which are scattered throughout the overburden, do not appear to 

affect the distribution of Be in the fine soil fraction. 

Sizing tests mere carried out on the preliminary samples 

at a time when the only analytical method available was a general 

semi-quantitative spectrographic technique. While the results 

demonstrated the existence of anomalies justifying the subsequent 

detailed examination, it is now apparent that the spectrographic 

method employed failed to bring out the significant differences 

between the different size-fractions. For this reason routine 

samples collected and analysed in the field, in order to control 

the selection of critical samples for the detailed laboratory 

work, were sieved to -190 micron size. However it should be 

possible to achieve Be anomalies of maximum contrast and width by 

separating the 80-190 micron fraction for analysis. This 

operation would remove the low-tenor fine sand, silt and clay 

material and it may only be applicable in areas where the 

mineralization and environment are similar to those at Bepe. 
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The effect of taking only the 80-190 micron fraction was 

tested on samples from a section of Traverse 0. The results, 

tabulated in Table 9, show-that the anomaly width at threshold 

level (2.5 p.p.m.) has increased from 250 feet beyond the 

pegmatite boundary (0-190 micron fraction) to a point 500 feet 

beyond the boundary(80-190 micron fraction), and in addition the 

peak anomaly contrast is increased by approximately 30 per cent. 

It should be noted that the results referred to in this 

section were obtained on samples that had been dry-sieved and 

not treated by the dispersion and sedimentation processes used 

for the complete size analyses of soil profile samples. The 

effect of aggregated fine material that is not dispersed by 

dry sieving is discussed in Appendix I. 

• 
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Sample point 

11 00t 1 1 

1000 0.5 1.5 	3 

900 1 1 

800 	1.5 1.5 1 

700 	0.5 1.5 back-
-ground 3 

600 	0.5 2 anomali 4 

500 1 2 2 

400 1.5 back- 
-groun4 	2 1.3 

350 2.5 
anomaly 	5  2 

300 2 5 2.5 

250 1 2 2 

200 2 6 3 

175 7 12 1.7 

150 schis 	7 12.5 1.8 
125 
pegmatite 8 12.5 1.6 

75 14 17 1 .2 

50 12 17 1.4 

2 27 35 1.3 

Samples dry-sieved 

p.p.m.. Be Relative 
..i increase 

 

ia B 	magnmtude 
80-190 micron 	B ) fraction 	4  

-190 micron 
fraction 

TABLE 9  

Magnitude and persistence of a Be anomaly, using the 
80-190 micron fraction of soils, Traverse 0, Bepe 2 
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Sample Crushed value 
point 	p.p.m. Be 

V.V 	r VVV 	• 	r•vs 	re., • rr • •••••••syrwor,••••• 

200N 2 2 
150 6 7 
125 9 8 

100 20 17 

75 	12.5 14 

50 10 12 
25N 25 27 
0 17 17 

Percentage 
difference 
on 

0 
—14. 
12 
18 

-11 
-'17 
.7 

0 

Uncrushed value 1 
p.p.m. Be 

Samples dry-sieved 

(iv) The effect of crushing samples  

In order to achieve complete chemical decomposition of rock 

and soil samples with ammonium fluoride it is necessary to grind 

the coarse fractions to a powder with a particle-size preferably 

less than 100 microns. The effect of crushing on the Be values 

of the 4.70-2000 and 190-470 micron fractions of soils from a 

section of Traverse 0 is illustrated in Fig. 17 and Fig. 18, 
respectively. Considerable differences in values beLween 

crushed and uncrushed samples are evident for coarse material 

of 470-2000 micron size and the differences are much less 

for the 190,44_70 micron fraction. A similar comparison is 

made for -190 micron fraction samples from Traverse 0 in 

Table 10. 

TABLE 10 

Comparison of Be values for crushed and uncrushed -190 micron 
fraction of soil samples, Traverse 0, Bepe 2 
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700 10-2000 

0-1 80 

0-1 8 

70 

470-2000 

190-470 

X190 10 

Size-fraction 
(microns) 

N 	1101, 	 11.4,11.16.64.0.11,11, 	00•.• • 	• 

Percentage 
difference 

on crushing 

Range 	Mean 

• 

The difference between values on crushing for each of the 

three size-fractions considered above are compared in Table 11. 

The percentage variation for the two coarse fractions is 

calculated from the values presented in Figs. 17 and 18, and that 

for the fine fraction from the values given in Table 10. 

TABLE 11  

Comparison of percentage difference on crushing various size-
fractions of samples from Traverse 0, Bepe 2 

The following points emerge from the above considerations: 

(a) For most of the coarse samples it is evident that crushing 

has a significant effect which increases with increasing 

original particle-size; 

(b) The percentage difference for the -190 micron fraction is 

less than the analytical precision of +20 per cent, and the 

variations can be attributed to analytical factors rather 

than to those due to crushing; 
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(c) It is also evident from the above data that, if low values 

due to inefficient sample attack are to be avoided, the only 

material which can be tested without preliminary grinding is 

that with particle-size less than 190 microns. 

It should be noted that, except for the experimental values 

for uncrushed coarse fractions given above, all the results given 

elsewhere for fractions coarser than 190 microns refer to 

crushed material. 

(v) Representivity 

Not all of the results obtained above on the coarse fractions 

can be entirely explained by incomplete attack of the uncrushed 

material. For instance, two uncrushed 470-2000 micron fraction 

values exceed those for the ground samples (see Fig. 17), and 

three uncrushed .190-470 micron fraction values are greater than 

those of the corresponding crushed samples (Fig. 18). These 

results are considered to reflect original variations in the total 

Be content, indicating a significant lack of representivity for the 

samples involved. This feature of poor representivity has been 

mentioned previously on p. 57 in relation to the large variations 

in the values of adjacent coarse-fraction samples (Figs. 15 and 16); 

it may be a direct result of the small weight of sample taken 

for crushing before analysis. 

The sample weight required to achieve a definite level of 

representivity at a specified metal concentration has been 
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studied by Pierre Gy*, who has shown that the relationship 

between the size-range and weight of a sample can be written 

for all practical purposes as follows: 

Edo2  75- = C (constant), where 

PI is the :weight of the sample, 

o2  is the variance of the percentage error, calculated on the 

true assay of the sample, 

d is the size of the largest particles present, and 

C is a constant which is characteristic of the nature of the 

material sampled. For the present study it is assumed that 

the Be content of a sample is due to discrete fragments of 

the mineral beryl. 

Gy supplies a nomogram for the calculation of any one variable, 

after fixing the other two. The constant 0 is readily determined 

from a chart on the nomogram. 

For the present purpose the value of "d" is taken as the 

mean particle-size, in microns, for each range considered. The 

other variable fixed is o2, or in effect 2a- which is the percentage 

error of the Be value of the sample which will not be exceeded 

95 times out of 100. The sample weights required to satisfy 

various values of "d" and 2cr are given in Table 12, in which 

*GY, PIERRE: Sampling Nomogram. Minerais et Metaux, Societe 

Anonyme - Paris. Service Technique: 28 Rue Arthur 

Rozier, Paris XIX. 
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TABLE 12 

Weight of sample needed to give a required sampling precision,  
at the  100 p.p.m. Be level T0.2 per cent beryl)  

Weight of sample (g) 

Required precision at the 95 per cent confidence level (2T) 

20 f F± 	+ 80% + 	10 

	

3,000 	1800 	1200 	 50 

	

100 	1 [ 25 	I 6 	1.5 

	

2 	I 0.5 i 0.12 0.03 
0.03 I 	I •  0.008 	0 002 i  

	

3,000 	I1800 	1200 
1 150- 	1 40 	10 
I 

	

15 	I 4 	1 i 
2 1 0.5 	0.12 

0.15 1 0.04 	0.01 
0.03 I 0.008 0.002 

i 
0.005 1 0.002 i 

50 
2.5 
0.25 

0.03 
0.002 

i 
21000-60300iI  4,100 1300,000 1 

470-2,000 1 	1,250 1 10,000 

1 
1  

80,000 112,000 
2,500 	4-00 

	

190- 470 I 	330 

	

0- 190 1 	85 

	

. 	  

	

i 	 i 

I 
Mean i i 

Fraction 1 particle- 1  
. i size 1 

	

(microns) I 	1 (microns)  
(d) 

	

; 	1 
30 
1.0 
0.02 

30 
1.5 
0.15 
0.002 

+ 1% 

—1 

	

2,000-6,30G 1 
	

4,100 

	

900-2,000 1 
	

1,450 

	

470- 9001  
	

6P0 

	

190- 470 I 
	

330 

	

100- 190 
	

145 

	

80-! 100 1 
	

90 

	

20- 80 
	

50 

 200 
i 	3 1 	. 

50 

0.75 

I 

1 

8 
0.12 

1300,000 
1 	15,000 

i 	1,500 
1 . 	200 

14 

3 
0.5 

	

.80,000 	1 12,000 

	

4,000 	600 

	

400 	I 	bo 

	

50 	1 	8 

(3)..f53 	1 	
0.6 

i 	0.12 

0.12 	0.02 



a true sample assay of 100 p.p.m. Be (0.2 per cent beryl) is assumed. 

For a true Be content of 10 p.p.m. the sample weight must be 

10 times as great as that shown; for a Be content of 

1000 p.p.m. Be only 1/10th of the weight given in the table would 

be necessary, etc. 

The poor representivity of coarse fractions was 

demonstrated by analysing duplicate crushings of the 

470-2000 micron fraction of samples from Traverse 0 (Table 13). 

By considering the weight of sample taken (ay. 5 g) and the 

mean level of the Be content, it is possible to calculate the 

expected sampling precision from Table 12. The percentage 

variations about the means, given in Table 13, should, of 

course, be much less than the calculated sampling precisions. 

Only at sampling point 25N is there an appreciable 

discrepancy. The weight of sample which would be required to 

give a sampling precision of +20 per cent is also shown in 

Table 13. 
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TABLE 13  

Variations between dulicate crushins  of the 
L.7020.229sz921119,stion of samples _from 

Traverse 0, Bepe 2  

(5g sample taken for analysis) 

point 
Sample 	 

1st value 

p.p.m. Be 

2nd value Mean 

Percen-
tage 

	 varia- 
tion 
about 
mean 

Sampling 
precision 
at 95$ 

confidence 
level 
(from 

Table 12) 
($) 

Sample wt. 
to give 
+2C 

sampling 
precision 

(g) 

400N 12 1 6.5 85 > 100 400 

350 7 44 25 75 80 100 

300 7 6 6.5 10 > 100 40o 

250 5 2.5 4 40 > 100 625 

200 25 15 20 25 100 125 

175 3o 38 34 10 80 75 

15o 32 38  35 10 80 75 

125 100 20 60 65 6o 4o 

100 104 160 130 20 40 20 

75 28 22 25 10 90 100 
50 22 70 46 50 70 50 

25N 45 23o 140 7o 4o 18 

0 130 100 115 15 4o 25 

25s 46 76 61 25 60 40 

50 112 40 76 5o 50 35 

75 40 52 46 15 70 50 

100 50 32 41 20 7o 6o 

125 3 3 3 0 >j00 85o 

150 27 2.5 15 8o > 100 170 

175 4 2.5 3 25 > 100 850 

Samples dry-sieved 
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A series of tests on the size-fractions of one sample 

(no. 182) was carried out in order to demonstrate the effect 

on representivity of testing only small samples. After taking 

initial grab samples for analysis, the various fractions were 

treated as follows: 

Fraction. microns 	Treatment 

2000-6301 	Each fraction quartered into portions A, B, 
470-2000 
190-470 	C and D: 

A was not crushed before analysis; 

B was crushed and analysed in duplicate; 

C was split into equal portions C1 and 02; each 

was ground and analysed separately; 

D was quartered into portions rel, D2, D3 and D4; 

each was crushed and analysed separately; 

-190 	Quartered into sections A, B, C and D; each 

was analysed separately without crushing. 

The results for the 2000-6300, 470-2000, 190-470 and -190 micron 

fractions are given in Tables 14, 15, 16 and 17 respectively. 
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TABLE 14 

Representivity tests for the 2000-6300 micron 
fraction of sample no. 182 

Portion 

A(uncrudhed) 

Crushed 

Weight 
(g) 

10.2 

10.5 

4.5 

4.5 

2.3 

2.6 

2.9 

2.7 

p.p.m. Be 

40 

560; 	61f0 

1 000 

6 

7 

5 

180 

1+00 

Percentage 
variation 

about mean* 

50 

>1 00 (1 50) 

100 

100 

100 

60 

Sampling 
precision at 

95% confidence 
level 

(from Table 12) 
(%) 

90 

>100 
fl 

It1 

B 

01 

C2 

DI 

D2 

D3 

D4 

*The weighted mean value is 445 p.p.m. Be 
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TABLE 15 

Representivity tests for the 470-2000 micron 
fraction of sample no. 182 

Sampling 

Portion 

Grab samples, 

(separate b crushings) 

Wei 
(g 

5.9 

2.8 

2.8 

p.p.m. Be 

160, 150, 
130, 110 
100, 110 

25, 	30 

Percentage 
variation 
about mean* 

40,30,15,4 

10, 40  

80, 7.5 

precision 
at 95A 

confidence 
level (from 
Table 12) 
(%) 	 

40 

60 

6o 

Uncrushed 

5.6 30;15; 5 A 

Crushed 

B 6.4_ 96, 	70, 15,400 25030 40 

B 

84, • 80, 
Ci 2.4 40,. 	44, 65,60 70 
02 2.9 300, 200 1600 75 60 
Dl 1.4 60, 	60 45,45 80 
D2 1.6 20, 	25 800 80 80 
D3 1.3 350, 280 200,150 8o 
D4 1 .5 220, 180 75, 55 80 

6.4 82 3o 40 
C 5.3 156 35 40 
D 5.8 143 25 40 

The weighted mean value is 114 p.p.m. Be 
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TABLE  16 

Representivity tests for the 1904-70 micron 
fraction of samole No. _1.82. 

Portion 'Weight 
(g) 

p.p.m. Be 

Percentage 
variation 
about 
mean 

Sampling 
Precision 
at 95% 

confidence 
level (from 

grab sample, 
crushed. 3.4- 19 10 

Tap, 12) 

15 
Jncrushed 

A 4.3 20, 24, 20 

Crushed 

B 4-3 23, 26 7, 20 15 

C1 2.3 23 7 20 

C2 2.3 20 7 20 

D1 1.1 18 30 

D2 1.0 20 7 30 

"D3 1.0 22 2 30 

D4 1.1 18 16 30 

*The weighted mean value is 21.5 1?,T.m. Be 
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Portion Weight 
(g) 

p.p.m. Be 

Percentage 
variation 

about 
mean 

Sampling Precision 
at 95% confidence 

level (from 
Table12) 

Grab samples 0.5g 
each 

16, 	20, 17, 
17, 	18. 

9, 14, 3, 
3, 3. 

6 

A 1.6 18 3 6 (0.5g uncrushed 
sample analysed) 

B 1.7 17 3 6 

C 1.3 17 3 6 

D 1.4 17 3 It 6 

TABLE 17  

ReTresentivity tests for the -190 micron 
fraction of sample No. 182  

(Samples unorushed) 

*The weighted mean value is 17.5 p.p.rn. Be 

The results given in Tables 14, 15, 16 and 17 are summarised 

in Table 18. 

TABLE 18  

Comparison of representivity data for different  
size fractions of sample No. 182  

Fraction 
(microns) 

Total 
weight 

of sample 
studied 
(g) 

Mean 
Value 
(p.p.m. 

Be) 

Sampling 
precision 
with given 

total sample 
weight (%) 

Weight of 
sample reed 
to give + 2 
samplin  

precision g) 

Represen- 
tivity of 
sample 
studied 

2000-6300 30 415 60 200 Poor 

470-2000 17.5 114- 30 25 Reasonable 

190-470 13 21.5 7 2 Good 

-190 6 17.5 6 (0.5g un- 0.04. Excellent 
crushed 
sample 
analysed) 
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The sampling precisions given in the tables above are due to 

sampling only; they do not include variations due to the analytical 

method. 

It may be concluded that when analysing coarse fractions the 

major source of error is due to poor sampling precision, whereas 

in the case of fine fractions the analytical variation is 

predominant. It may be noted, however, that in all cases where 

replicate determinations are made on any one particular crushing 

of a coarse fraction the replicate values fall within the 

analytical variation from the mean value for that crushing. This 

indicates that grinding evenly distributes the smaller particles 

of beryl throughout the sample. 

In view of the large sample weight and fine crushing that 

would be required in order to obtain representative material, the 

2000-6300 micron fraction was not considered further in the sub-

sequent investigation. 

The degree to which the Be value of one sample can be 

considered as representative of the Be content of the soil within 

the surrounding area was tested by taking a pattern of closely 

spaced samples radiating from a central point. The centre 

sample was located at 25N 300W and samples were collected at 

intervals of 14, 21, 5, 10, 15, 20 and 25 feet on four lines at 

right angles to each other. The results are presented in 

Table 19. 



Areal representivity of the -190 micron fraction 
of soil samples. Bepe 2  

• 
Direction of Traverse 

Distance from 	 
central point 	N.E. 

(feet) 

• • • 4.• .. De • . ........ Ns • • • •••• •••••••••• 	KO...* •••• M.. atao • *4 • 64.4. ...II ••••• 

Be p.p.m. 
1*...0.4.4 • sa•feT 

S.E. 

" P4a4A., • sem *ma* 

14* 	23 16 24 	i 	19 

22 2i 13 23 	22 

5 17 F 	13 27 	14 

10 24 	16 13 	14- 

15 22 	19 16 	17  

20 21 15 17 17 

25 17 18 14- 	s 	13 

Value at central point = 22 p.p.m. Be 

The radial pattern lies completely above pegmatite bedrock, 

possibly above a muscovite replacement zone. The mean value is 

18 p.p.m. Be and all the values fall within the limits 18 + 6 p.p.m. 

The analytical precision of +20 per cent could conceivably account 

for the values with the range 18 + 4.5 p.p.m. Some of the 

variations may be due to changes in tenor of Be in the soil, but 

they are only of a minor nature. Any one sample is therefore 

reasonably representative of the soil for at least 25 feet around 

it. 
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Such consistent distributions of values do not persist, 

however, in the vicinity of the beryl-rich zone where four-fold 

variations may occur over a distance of 5 feet or less. 

(vi) Results achieved with alternative analytical methods 

Spectrographic analyses for Be in samples from Traverse 150W 

were carried out by J. D. Kerbyson (Kerbyson and. Webb, 1959). 
The values for the -190 micron fractions are presented in Fig. 19B. 

Apart from minor local variations the general pattern is similar 

to that produced by the colorimetric method (Fig. 19A); a general 

anomaly of tenor 15-20 p.p.m. Be is present over the pegmatite and 

there is a peak value of 70 p.p.m. Be over the beryl zone. 

A gamma-neutron instrument survey was carried out along 

Traverses 1507 (Fig. 19) and 250W (Fig. 20) by K. C. Burke who 

used the portable equipment described by Bowie et al. (1960) to 

obtain both surface and sub-surface readings. The general 

anomalous values are present over the pegraatite, with strong 

peaks above the beryl zones, although the main beryl zone is not 

distinguished in the surface readings of Traverse 250W (Fig. 20B). 

The essential factor by which these results differ from those of 

the other methods is the much higher tenor accompanied by greater 

fluctuations in values. This difference is due to the fact that 

whereas only the -190 micron fraction of the soil was used for 

the colorimetric and. spectrographic determinations the total soil 

is utilised. by the gamma-neutron instrument. The total soil 

includes the coarse fractions (+190 microns), some of which have 
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been shown in Fig. 11 to be of considerably higher tenor than the 

fine fractions. The marked fluctuations in instrument values 

reflect the uneven distribution of coarse beryl fragments within 

the soil. Chemical analyses of total soil samples would 

probably produce values equivalent to those given by the field 

instrument, but, as shown earlier, it would be necessary to crush 

samples weighing several kilograms before analysing them. 

(vii) Results for other elements 

The -.190 micron fractions of soils from Traverse 15CW were 

analysed spectrographically for a number of other elements by 

J. D. Kerbyson (Fig. 21). The results are described in a report 

by Kerbyson and Webb (1959) who summarize the principal features 

as follows: 

(a) Li, Rb, Bal  Sr and Sn show positive anomalies of comparable 

widths related to the pegmatite; 

(b) Ni, Co, Cr, V and Cu show "negative" anomalies, or troughs 

over the dyke. The higher values on either side are almost 

certainly related to the basic nature of the schist country 

rock; 

(c) Mn, Pb and Ga show little tendency to vary in a manner that can 

be related to the geology, although there is, perhaps, slight 

evidence that Mn decreases over the dyke, as might be expected; 

(d) There is little difference in the contrast between anomalous 

and background values for Li and Be (c.f. Karaeva and 

Chesnokov (1958) who consider that Li may be a suitable 
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indicator element for Be). The contrast for Rb is rather 

greater, however, while that for Ba, Sr and Sn is distinctly 

less; 

(e) At the southern end of the traverse beyond the stream, Ba and 

Sr show a marked rise (Ba to almost double the peak values 

over the pegmatite and Sr to values similar to those over 

the pegmatite), while Li, Rb, Be and Sn tend to remain at 

the local background level, and Cr, V, Cu, Co and Ni values 

decrease. These variations, originally interpreted by 

Kerbyson and viebb as reflecting a change in lithology of the 

country rock and not to the presence of a second mineralised 

pegmatite, are now known to be due to 	sericitised 

quartzite. 

(viii) Base-exchange capacity of clay and. exchangeable Be 

The possibility of the Be in the clay-fraction being in 

exchange positions was investigated by 

(a) determining the base-exchange capacities of several clay 

samples from Bepe 2 soils by the method detailed in 

Appendix 1; and 

(b) analysing the leachates for Be to obtain the exchangeable Be 

content of the clay-size fraction. 

The results are given in Table 20. 

The significant difference between the base-exchange capacity 

of clay from soil over pegmatite and that of clay from soil over 

schist is that the former is in general twice the value of the 

latter. The amount of exchangeable-Be present in the samples is 
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too mall to permit the drawing of any conclusions regarding the 

correlation of exchangeable Be with-base-rexChange capacity at the 

prevailing pH of 6-7. 

TABLE 20 

Exchangeable-Be and base-exchan~~e capaci 

of clay, Bepe 2. 

Profile Depth 
(in.) Horizon 

Weight 
per cent 
of clay-
fraction 

Base 
exchange 
capacity 
(meq/ 
100 g) 

Exchange-
able-
Be 

(p.p.m.). 

Total 
Be 

(p.p.m.) 

109S A-6 Topsoil 12.4. 14-.7 n. d. 8 
pegmatite- 6-12 Subsoil 12.4 11.5 n.a. 

beryl zone 12-20 11 11.2 12.5 0.1 15 
1013 0-5 Topsoil 12.0 11.0 3 
pegmatite-

felspar zone 
5-10 13.5 9.8 n. 10 

3003 

schist down-

slope from 

pegmatite 

13-26 Subsoil 33.4- 4..2 n. d. 5 

20005 

background 

schist 

0-12 Topsoil 33.1+ 6.o 0.5 

n.d. = not detected; less than 0.05 p.p.m. 
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3. Vegetation  

In common with most elements Be is known to occur in 

vegetation although insufficient data is available to enable 

the normal amounts of the element in plants to be established. 

However, Zalashkova et al. (1958) have demonstrated that in 

beryl-pegmatite areas in Russia, vegetation growing over Be-

bearing pegmatites contains up to 39 p.p.m. Be in the ash 

compared to 3 p.p.m. or less in similar species growing in 

barren areas. 

In the present investigation samples of leaves and twigs of 

two common tree species growing in anomalous and background soils 

were collected, ashed and analysed for Be. The results 

(Table 21) show a low general level of values with only a 

slighttendencytobe higher over the beryl zone. In view of 

the discouraging results, no further study of the biogeochemical 

method was undertaken in the Bepe area. 
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TABLE 21  

Be in ylant ash, Bepe 2 

1 
Species 	Material 1 per cent  ash Plant 

ash 

p.p.m. Be 

Soil 
(-190 micron 
fraction) 

Sample 
position 

Near beryl 
:zone of 
'Pegmatite  

1120S. 150W 1 Terminalia 
iericej- 

1i0S. 150W 

Brachystegia 
boehmii" 

Terminalia 
sericea 

It 

gEa2tYPASEPla 
boehmii 

twigs 

II 

leaves 

twigs 

It 

6.4 

3.4 
6.5 

9.4 

7.6 

6.9 

2.0 

2.0 
1.5 

A.5 

1.0 

1.0 

30 

80 

80 

• 

1 

ft 

Background 

2000S 

It 

*Terminalia sericea is loc.Oly known as mususu. 

"Brachystegia boehmii  is locally known as mupfuti. 

4. 	StreaM Sediments 

Extensive surface-drainage sampling was not undertaken at 

Bepe 2 due to the possibility of contamination from the Lucky Bean 

opencast workings at the western end of the Bepe 2 dyke where it 

is crossed by the only major stream in the vicinity. 
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rl few -190 micron sediment samples were collected, however, 

during the course of routine soil sampling. The results are 

shown in Pig. 22k, together with those for the 80-190 micron 

fraction. 

The 80-190 micron material gives a noticeably greater 

anomaly contrast than the -190 micron fraction. This is not 

due to higher anomalous values but rather to the lower background 

content which is a result of the concentration of Be in the fine 

fraction of soil derived from the sericitic quartzite. 

Contamination from the opencast could be responsible for 

the high contrasts of 30-fold detected in the main stream. It 

is interesting to note, however, that the high values diminish 

rapidly and are almost undetectable at distances greater than 

1500 feet from the pegmatite. This rapid dilution of Be in the 

-190 micron fraction is possibly due to additions of fine 

material eroded from background schist soils and a similar 

dilution may not occur in the coarse fractions to which very 

little background material is added. 

kweak Be anomaly is also present in sediments of the 

tributary stream which passes to the south of the Bepe 2 dyke. 

It is possible that samples of coarse material (190-2000 microns) 

would have produced a more pronounced anomaly in this stream. 
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0. 	Beryllium Distribution at the Bepe 4 Pegmatite  

Limited soil sampling Was carried out in the vicinity 

of the Bepe 4 dyke in order to establish whether or not the 

dispersion pattern was similar to that observed at Bepe 2. 

The location of the Bepe 4. dyke, which is U-shaped in plan, 

is shown in Fig. 7. The pegmatite is genetically similar to 

the Bepe 2 dyke (i.e. belongs to the same group in the Beus 

classification, see p.38). The beryl zone, associated with the 

quartz core, is located in the northern projection. Unlike the 

Bepe 2 pegmatite, which forms a minor feature in almost flat 

terrain, the Bepe 4. dyke occurs on a low ridge sloping down from 

a hill of banded ironstone to the south. Dispersion of beryl 

downslope from the pegmatite can occur in all directions from east 

through north to west but not to the south. L. north-south 

section showing topography and inferred geology is given at the 

bottom of Fig. 23. Also shown in the figure is a plot of the Be 

values of the -190 micron fraction of soil samples collected from 

Traverse 0 which crosses the dyke from south to north. 

Background values on Traverse 0 over schist bedrock 

upslope from the pegmatite lie in the normal range of 1-e p.p.m. 

Be. Banded-ironstone and granite background values are 2 and 

4- p.p.m. Be respectively (-1 90 micron fraction of soils). A 

diffuse anomaly with values of the order of 10 p.p.m. Be is 

located over the pegmatite and extends 150 feet downslope from 

the dyke; there is a narrow peak with a value of 100 p.p.m. Be 
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over the beryl zone. The anomaly decreases gradually in tenor 

as the distance from the dyke increases, although values of 

p.p.m. Be persist to the end of the traverse, 850 feet from 

the dyke. It is possible that beyond 650 feet from the 

pegmatite the soil values are influenced by admixture with 

material moving downslope from the west, derived from granite 

bedrock which outcrops some 200-300 feet away. These granite 

soils have a content of approximately 4 p.p.m. Be in the -190 

micron fraction and they may be responsible for maintaining the 

4-5 p.p.m. Be level observed over the schist at the north end 

of Traverse 0. 

Samples L, B, C and D from four positions along 

Traverse 0 (Fig. 24) were separated into size-fractions by the 

sedimentation method (Table 22); the -20 micron fraction was 

not, in this case, separated into the silt and clay components. 

TABLE 22 

Mechanical com osition of soil sam les Beatl 

i 	 
Distance 

Sample 

	

from 
No. 	pegmatite 	900-470-1190-H00- 

(feet) 	,20001900 
i : 

470 

Fraction 

, 

190 80-100 

(microns) 

20-80 
(fine san 

-20 
silt 
and 

clav~  

'Weight  per cent 

A 0 	1 13.3 7.1 5.7 10.0 8.2 19.0 36.7 
125 	i 	6.4 2.4 4.3 10.2 7.5 30.4 38.8 

C 300 	1.7 2.1 5.8 f 	9.7 8.6 31.4 40.7 
D 900 	f 	3.9 1.6 4.7111.3 10.5 24.7 43.3 
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The patterns of Be distribution in the size-fractions are 

essentially similar to those for the anomalous Bepe 2 samples, 

i.e. there is a progressive decrease in Be content with particle-

size from the 470-900 micron fraction down to the finest material 

(Fig. 24); the slight increases in the -20 micron fraction are 

insignificant. _At Bepe 4., however, the 900-2000 micron fraction 

value tends to be lower than that of the 470-900 micron 

material. This is probably due to poor representivity in the 

coarse fraction, although it is possible that the bedrock pegmatite 

may contain fine-grained or finely-parted Be minerals. 

The two main features evident from the Bepe 4 studies 

are: 

(a) The persistence of high Be values in the coarse fractions 

at distances of at least 900 feet from the dyke (no other 

beryl pegmatites are known in the immediate vicinity to 

account for this persistence); 

(b) Lpparently anomalous values in the fine fractions of schist 

soils may be due to mixing with granite soils which 

characteristically contain high background values in the 

fine fractions. 

D. Summary 

1. The Bepe pegmatites belong to the group of fully-differentiated 

muscovite-microcline pegmatites in the Beus classification. In 

this group, the beryl is a coarsely-crystalline variety chiefly 

associated with the quartz core and replacement zones. 
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2. All the Be in the pegmatites is not concentrated in beryl. 

A certain percentage (usually about 5 per cent but occasionally 

as high as 50 per cent) is dispersed throughout the main rock-

forming minerals and other accessory minerals. 

3. The  primary dispersion of Be into the schist wallrocks 

enclosing the pegmatites is not extensive, the maximum observed 

width of the aureole being 12 feet. 

L. 	The Be content of background soils depends upon the bedrock 

lithology. The -190 micron fraction of soils over schist contain 

1 p.p.m. Be, over granite and sericitic quartzite the values are 

up to p.p.m. and over banded ironstone and dolerite 2 p.p.m. 

In soils derived from granite and sericitic quartzite the Be 

tends to be concentrated in the finer fractions. 

5. In the vicinity of the beryl-bearing dykes, the -•190 micron 

fraction of soil contains anomalous amounts of Be ranging up to 

10-100 p.p.m. The anomalous pattern is detectable for distances 

of 150 feet to perhaps 650 feet from the edge of the dyke, 

depending on the local topography. 

6. Over the dyke itself, the distribution of peak values 

reflect zoning of Be in the underlying pegmatite. 

7. All size-fractions of soils reveal Be anomalies over the 

pegmatites. 

8. The highest Be contents occur in the coarsest fractions of 

anomalous soils and the values progressively decrease with 
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particle-size. This pattern of size-distribution persists for 

many hundreds of feet from the pegmatite indicating that the 

anomaly is largely due to mechanically dispersed beryl. 

9. Analyses of coarser soil fractions give anomalies of greatest 

contrast; they also give anomalies of greater extent owing to the 

dilution of anomalous fine fractions by fine material derived from 

barren schists. 

10. The clay-fraction from soils over the beryl zone contains 

very small amounts of Be in relation to the silt and coarser 

fractions. 

11. Coarse fractions must be crushed to allow complete chemical 

attack if maximum and representative values are required. 

Fractions finer than 190 microns do not require crushing. 

12. Representivity in coarsest fractions is very poor unless 

extremely large samples are ground before analysis. The amount 

of sample required to achieve representivity decreases rapidly 

with decrease in particle-size or increase in Be content. Sampling 

precision becomes less than the analytical variation for fractions 

finer than 190-470 microns, and in this size-range 

representivity is achieved by taking only 2.5 g. 

13. L. sample of the -190 micron fraction of a soil collected at 

one point is reasonably representative of this fraction of the 

soil within at least 25 feet of the sample point, provided that 

there is no beryl zone in the vicinity. 
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14. Spectrographic and field gamma-neutron instrumental methods 

produce anomaly patterns similar to those of the colorimetric 

method. The field instrument is extremely sensitive to coarse 

beryl fragments in the soil and as a consequence values 

fluctuate markedly within the anomaly. 

15. No other element is sufficiently closely related to Be to 

permit its use in prospecting surveys for beryl. 

16. Very little of the Be in the clay fraction is present in 

exchange positions on the surfaces of clay minerals. 

17. Beryllium does not appear to be associated with organic 

matter. 

18. Very little Be appears to be taken up by the two common 

species of trees examined and the observed differences in the Be 

content between plants growing over the pegmatite and over 

background schist were too small to constitute a reaaily 

detectable anomaly, at least by the methods employed. 

19. Only limited data on the Be content of stream sediments was 

obtained. Contrasts as high as 30 were given by the 80-190 micron 

fraction of possibly contaminated sediments but the anomalous 

values persist for less than 1500 feet from their source. The 

magnitude and persistence of anomalous values in the -190 micron 

material are less than in the case of the 80-190 micron fraction. 
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2. MISTRESS CLAIMS AREA, SOUTHERN RHODESIA 

A. Description 

Physical features: The Mistress Claims are situated in hilly 

country 14 miles north of Salisbury at a latitude of 17037'S and a 

longitude of 31006'E (Fig. 6). 

The climate and vegetation are similar to that in the Bepe area 

although the summer mean temperatures are a little lower due to the 

greater altitude of 4,800 feet. The mean annual precipitation is 

also rather higher at 35 ins. 

The pegmatite occurs along the top of one of a series of 

prominent ridges which are elongated in a south-east to north-west 

direction and which control the local drainage. The main stream 

draining the area, the Mabfeni River (Fig. 29), is perennial 

although it barely maintains a flow at the end of the dry season. 

The tributary streams, including those draining the Mistress dyke, 

are dry for most of the year. The Mabfeni River flows into the 

Mazoe River which eventually joins the Zambezi River in 

Portuguese East Africa. 

Geology: The plateau which lies between the Mistress area 

and Salisbury is composed of Pre-Cambrian schists. The Mistress 

Claims are located at the contact between these schists and 

granite gneiss, both belonging to the Basement Complex. The 

pegmatite occurs within the gneiss. 

The local geology (Fig. 25) has been described by Gallagher 

(1959). The main pegmatite, which has been worked in its central 

section by open-casting, is steeply dipping, 100-120 feet in width 

and 3000 feet in length along the north-west to south-east strike. 

Unlike the massive pegmatite in the north-western portion, the 

89. 



Profile2: 
s'kst°  

P•rofile7+ •-  
Profi 

•• 

ate R 

*MISTRESS 
pz....6§Visbury 

1 it. % 10  

Marandellas 

-550  + 

gto 

450 

/'Hartley 

file 61k 
Ile 	x \vt  

501 

Profile 1 • 

• Profile 3 r"\A 

Pegmatite 
Biotite gneiss 

Greenstone schist 

Geological boundary 

"\-400 Topographical contour (feet) 
Open-cast mine 
Traverse 

• . 

00 
V3 

• 

590 	10400 feet 

I eS- 

FIG. 25. GEOLOGY AND TOPOGRAPHY OF THE 
MISTRESS AREA ( after U.K.A.E.A. 

Salisbury Office ) 



south-eastern section is composed of a number of thin pegmatite 

fingers. The chief country-rock is a massive hornblende-biotite 

gneiss which is medium- to coarse-grained and roughly foliated; 

large inclusions of this material occur centrally within the 

pegmatite. Greestone schist is in contact with the north-western 

end of the pegmatite and is the main rock-type further to the 

west. Smaller pegmatites, which in places contain beryl, occur 

to the west and trend sub-parallel to the main dyke. 

The Mistress pegmatite belongs to the group of replaced 

lepidolite-albite pegmatites in the paragenetic zonal classifica-

tion proposed by Beus (1956a). According to Gallagher (1959), 

the composition of the dyke is as follows: 

Zone 	Description 	Width 

Contact zone 	Sodium felspar, potassium felspar, quartz Varies con- 
siderably 

and muscovite with a generally medium- 	average - 

grained (1 in. average grain-size) texture. 70 feet 

Usually constitutes about 'rds total width 

of the dyke. 

Outer 	Sodium felspar (albite), potassium 
	

20 feet 
intermediate 
zone 	felspar and quartz. 

Intermediate 	Spodumene -quartz units occurring 	10 feet 
zone 

locally. 
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Zone 

 

Description 	Width 

Fine-grained lepidolite assemblage. 	10 feet Inner Inter- 
mediate zone 

Core 
	

Massive quartz, lensing. 	15 feet 

Beryl occurs mainly in the contact and outer-intermediate 

zones, mostly in the form of small greenish-white prisms which 

are a high-alkali variety with Cs and Rb as important minor 

constituents, Minerals extracted from the pegmatite in addition 

to beryl are lepidolite, spodumene, microlite and tantalite 

(Gallagher, i 959 ) . 

Overburden: As, at Bepe 2 the overburden is dominantly residual 

with poorly developed soil horizons particularly over the 

pegmatite where slopes are steep and only thin soil cover is 

found. Soil profiles typical of those developed over pegmatite 

and gneiss are described below. 

Soil Profile Developed over Pe.gpatite at Mistress 

De th Horizon 	Colour and Texture rat 

0-5 	Topsoil 	Grey-brown sandy loam with some 	6.2 

felspar and quartz gravel up to 

1 in. in size. 

5-21 	Subsoil 	Light reddish-brown gravel of 	6.0 

felspar and quartz with some 

loamy sand, 

21+ 	Weathered pegmatite, soft brown to hard white 

material. 
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Soil Profile Developed over Gneiss at Mistress 

De th Horizon 	Colour and Texture 

0-5 	Topsoil 	Grey (at top) to brown (at bottom) sandy- 

loam with a little quartz and felspar 

gravel material. 

5-27 Subsoil 	Brown loamy sand decreasing in amount on 

passing down the profile with a corresponding 

increase in the amount and size of felspar 

and quartz gravel fragments. 

27+ 	Weathered gneiss, mottled white, brown and black. 

The grey coloration of the topsoil is probably due to a small 

amount of organic matter combined, perhaps, with some leaching of 

sesquioxides.into the lower horizons. Except on the ridge crests, 

much of the topsoil material is possibly derived from upslope by 

soil creep. 

B. 	Bellium Distribution at the Mistress Pegmatite  

1. 	Ptgmatite minerals 

The Be contents of the common rock forming minerals in 

the Mistress dyke are less than those of the Bepe 2 minerals, 

viz: 
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Mistress dyke 
Gamma-neutron 
7;1777:17:7 

(Gallagher, 1959) 

Pepe 2 dyke  

Chemical value  
(p.p.m.) Mineral Chemical value 

(p.p.m.) 

Quartz 	0.5 	 0.5-4.0 

Microcline 	1.0 	less than 7 	1.5-3 

Muscovite 
	8 	less than 7 	13-60 

Lepidolite 	 7-35 	••• 

2. Soils 

(i) Background and threshold values  

There is very little variation in the distribution of 

Be in the .-490 micron fraction of soil in profiles developed 

over gneiss and schist (Table 23). 
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Soil over gneiss Soil over 
schist 

Material Profile 1 Profile 2 Profile 3 
Depth p.p.m. Depth p.p.m. Depth p.p.m. 
(ins) Be (ins) Be (ins) Be 

Topsoil 0-1 2 0-5 2 0-6 3 
OM. onamam•aaraim* 

5-15 1-3 2 2 6-15 2.5 

3-7 2.5 15-27 2 15-27 2 
Am 	wag wa aft ow alM Is s 	wm War 

Subsoil 7-13 3 27+ 2.5 27+ 1.5 
13-24 2 

24-34 2.5 

Weathered 
bedrock 

34-36 2.5 

Profile 1 and profile 3 samples dry-sieved, 
profile 2 samples treated by sedimentation. 

TABLE 23  

Be content of soils from background profiles  

in the Mistress Claims area 

Additional background data was obtained from the north-eastern 

limits of Traverse OP (Fig. 25) where it passed over background 

gneiss bedrock. Between 500 and 700 feet from the dyke the Be 

values of the -190 micron fraction of subsoils were 1-2 p.p.m. 

On the basis of the above data 2.5 + 0.5 p.p.m. Be is taken 

as the general background value for the -190 micron fraction of 

both the gneiss and schist soils. The threshold (upper limit of 

background fluctuation) is 3 p.p.m. Be. 



Fraction (microns) 

Pegmatite 
(Profile 7; 
5-21 in.) 

11.0 16.2 6.3 15.1 9.2 17.8 112.9 11.5' 

6.6 
Gneiss 
(Profile 2; 
5-15 in.) 

20.9 5.9 11.0 18.0 13.9 I 14.8 8.9 

900- 4.70- 190- 100- 80- 20 - 2-20 	0-2 
2000 900 14_70 190 100 80 (silt)i(clay) 

	 11.••• 	1.41".• 	  

7eight per cent 

Bedrock 

Samples treated by sedimentation 

The mechanical composition of a subsoil sample (5-15 in.) 

from Profile 2 is given in Table 24. The analysis of the 

different size-fractions (Fig. 26) shows that maximum Be 

values occur in the finest fractions. A corresponding trend 

was noted in the background granite soil at Bepe (Table 7). 

TABLE 

Mechanical composition of subsoil samples Mistress Claims area 

(ii) Distribution of Be in anomalous profiles 

The data for the -190 micron fraction of soil from anomalous 

profiles (Table 25) show that, apart from the bedrock samples, 

values are reasonably consistent throughout the soil profile 
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TA_RT.13 	 

Distribution of Be in anomalous  soil profiles, Mistress Claimsarea, 

(data refer to -190 micron fraction) 

Material 

Profile 
Soil over schist 
be-rock, 350 feet 

cp.wnslope from 
pegmatite 

Depth (irs. 

Profile 
Pegmatite rubble 

gneiss bearock, 
20 feet downslope 

contact 

Depth (ins.) 

5 
over 

from 

p.p.m. Be 

Profile 6 
Pegmatite contact zone 

Depth (ins4 p.p.m. Be 

Profile 
Pegmatite, 
intermediate 

Depth (ins.) 

7 
outer- 
zone 

p.p.m. Be 

Topsoil 0-2 10 0-2 9 0-2 16 0-5 100 

2-5 11 2-5 12 2-7 13 5-21 130 

5-10 15 5-10 13 7-10 13 21+ 170 

10-22 13 10-18 
imair.••••••••••••••••,... 

12 18730 29 

Subsoil 22-31 7 18-27 10 30-42 19. 
4010 

31-40 5 27-32 8 42+ 6 
.41 	  t- 	ram coils 	bmat 	OCCI, 

Weathered, 
bedrock 40+ 2.5 32+ 3 

Samples dry-sieved, uncrushed. 



over the pegmatite, and that downslope the anomalous Be contents 

in soil over gneiss and schist bedrock are, of course, derived 

from the pegmatite. 

The mechanical composition of the subsoil (5-21 in.) sample 

of Profile 7 is given in Table 24. Analysis of different size- 

fractions shows that the Be content tends to decrease with 

decreasing particle-size in the soil derived from pegmatite 

(Fig. 26). This trend is particularly marked between the silt 

and clay fractions. The rate of decrease in values is much 

less marked than in the anomalous soils at Bepe 2 (Fig. ii). 

(iii) Lateral dispersion of Be in soil  

The lateral dispersion of anomalous Be in the -190 micron 

fraction of the soil downslope from the dyke along Traverse MN 

(Pig. 27) extends 100-150 feet from the pegmatite-gneiss contact. 

Peak values of 50 p.p.m. in both topsoil and subsoil occur over 

the main beryl-bearing zone (i.e. the outer-intermediate zone) 

which possibly is situated on the south-western side of the ridge 

where it is crossed by the traverse. The values on the north-eastern 

side are probably associated with the wide contact zone. On 

either side of the ridge the anomaly decays rapidly to background 

Be contents, with the dispersion in the topsoil being rather 

more extensive than that in the subsoil. 
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The anomaly peak over the Mistress dyke is more diffuse 

than the sharp peaks observed above the Bepe pegmatites. This 

may be due to a combination of a broader beryl zone and to more 

active soil creep on the steeper slopes. 

In view of the higher Be content of the coarse fractions of 

anomalous soils (Fig. 26) and the greater dispersion of Be in 

these fractions at Bepe 14. (Fig. 24) it is possible that analysis 

of the coarse fraction of the Mistress soils would reveal a wider 

anomaly than does the fine fraction. It mould be necessary, 

however, to undertake the tedious crushing of large samples in 

order to achieve this. 

(iv) Results achieved with alternative analytical method 

The results obtained by.  K. C. Burke, using the portable gamma- 

neutron instrument to assess the Be anomaly along Traverse MN, 

are given in Fig. 27. The surface readings are generally less 

than those obtained at a depth of +12 inches. In each case the 

anomalies coincide with those given by the chemical methods although 

there are marked fluctuations in the instrument readings down the 

southwestern slope of the ridge indicating the presence of coarse 

beryl fragments in the soil. The tenor of the values for the 

total soil indicated by the gamma-neutron instrument are, in general, 

up to 8 times that given by the cheminnJ method for the -190 micron 

fraction. 

The width of the instrument anomaly is difficult to 

determine due to the fluctuations in values and the absence of 
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background and threshold data. 

3. Vegetation 

Leaves and twigs of Terminalia sericea and al-achystegia 

boehmii species growing over pegmatite and over background 

gneiss were ashed and analysed for Be. The results show no 

significant correlation between the Be contents of the 

vegetation and proximity to mineralization (Table 26). 

TABLE 26 

Be in -plant ash. Mistress gens 

Sample 
position 

On pejmatite 
at Profile 7 

On gneiss 
at Profile 2 

Species 

Terminalia 

1Laterial 

Twigs 

do 

Leaves 

Twigs 

Leaves 

Twigs 

per cent 
ash 

7.6 

12.14- 

5.6 

7.7 

5.0 

10./1- 

Plant 
ash 

3.0 

2.0 

3.5 

1.5 

2.5 

7.0 

p.p.m. Be 

Soil 
(-190 micron 

fraction) 

120 

720 

2 

2 

2 

2 

sericea 

Br".11EakSA4 
boehmii 

Terminalia 
sericea 

do. 

avElsAYA9zia 
boehmii 

do. 
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4. Stream sediments 

Stream sediment samples were collected at a number of points 

in the Mabfeni River and its tributaries, including those which 

drain the Mistress Claims (Fig. 29). The Mistress tributaries 

were dry when sample& 

(i) Background and threshold values 

The background values obtained in the reconnaissance sediment 

sampling survey (Fig. 29) were within the range 1.0-1.5 p.p.m. Be 

for the -190 micron fraction. The threshold value is 1.5 p.p.m. 

The mechanical composition of a background sediment sample 

(No. 5, from the Matiro River) is given in Table 27. The 

distribution pattern of Be within the size-fractions (Fig. 28) 

is similar to that in the background gneiss soil (Fig. 26), 

i.e. the highest Be values occur in the fine fractions with a 

maximum content in the clay-size material. The value for the 

-190 micron fraction of this sample is 2.0 p.p.m. Be, rather 

higher than the range of background contents given above for 

the reconnaissance survey. The inclusion of this value in 

the reconnaissance data would raise the threshold to 2.0 p.p.m. Be. 

However, only minor modifications would have to be made to the 

drainage pattern in Fig. 29. 

(ii) Reconnaissance samples  

The reconnaissance survey (Fig. 29), using the -190 micron 

fraction of the samples, indicated the presence of anomalous 

amounts of Be along the entire length of the Mabfeni River, 
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i.e. for 5 miles (this would be reduced to 3 miles with a 

threshold of 2 p.p.m. Be). In addition anomalous values were 

obtained in two tributaries. Muscovite, which possibly has a 

high Be content and which constitutes the greater proportion of 

the sample from the tributary near the river source, may be 

responsible for the value of 28 p.p.m. in this tributary. The 

other anomalous stream drains the Mistress pegmatite and more 

detailed sampling revealed that the anomalous material is most 

probably derived from this source (Fig. 29, Inset). 

Testing of the 80-190 micron material improves both the 

absolute values and the contrasts of anomalous samples; the 

values are given in brackets in:Fig. 29. 

(iii) Distribution of Be in size-fractions of anomalous 

  

stream sediment 

Four anomalous sediment samples were collected from the 

uncontaminated Mistress tributary (sample locations in Fig. 28, 

Inset) and separated into size-fractions by the sedimentation 

method. Their mechanical compositions are presented in 

Table 27. 
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Fraction microns 
AN 	 ...MKS NOW •• 

470- I 190- 100- 
900 470 190 

      

     

0-.20 
silt 
clay, 

 

80- 
100 

 

20- 
80 

 

      

      

       

Weight per cent 

TABLE ?,7 

Mechanical  composition of stream sediments. Mistress area 

; 

Sample No. 
900- 
2000 

1 	I 3.3  
2 : 9,1 

3 i 11.3 

4 	1 12.6 

5 	: 19.4 
1(background) 

•••••••••• 

14.2
..  

11.3 

12.1 

11.3 
9.8 

• VP , 	. 
9.0 
6.4 

6.4 

14-.4 

4.4. 

.. 
i 18.5 

20.5 

18.6 

13.1 

13.4 

, 	...wan... 	 

30.0 

33.4 
31.2 

12.8 

21 .4 

11.0 	 4-0.0.1.0104••••••-••• • •••• ..... • • 

10.0 1415.0 

	

9.8 	9.7 

	

11 .8 	8.7 

24.6 21.2 

21.5 10.1 
•••••••• 1.0 	in. *Tr 

In the upper reaches of the Mistress tributary the 

sediment is essentially valley-slope colluvium. This is 

reflected in the high percentage of silt + clay in samples 1, 2 

and 3. The composition of sample 4 is more that of a true stream 

sediment. 

In the anomalous sediment samples there is a general 

decrease in Be values with particle-size, although some minor 

variations occur in the fine fractions (Fig. 28). In this 

respect the results are similar to those obtained in the anomalous 

valley-slope soil (Fig. 26). 

There is, in general, a progressive decrease in the Be 

content of each size-fraction on moving downstream, as emphasised 

in Table 28 wherein the results obtained on composite size-fractions 

are compared. 
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4 	: 

	

! 	12 

	

5(background) I 	1 

OA. 

Sample No. 
-80 

••••10•44 mum.* saia 

•• • 	ny., 

Fraction, microns 

1 190-2000 1 -1901 80-190 
-lr 

p.p.m. Be 

1 	150 

2 4.0 

3 

2 

28 = i6 

12 15 

5 	7 

2 1 2 

3 

TABLE 28 

Be values for size-fractions of stream sediments, Mistress area 

The highest Be values and the best contrasts with background are 

given by the 190-2000 micron fraction. At the confluence of the 

Mistress stream with the Mabfeni River (sample point 41  3000 feet 

downstream from the dyke) the -'190 micron fraction is barely 

anomalous, whereas high Be contents showing good contrast against 

background are apparent in the 190-2000 micron fraction. 

C. Summary 

1. 	The Mistress pegmatite belongs to the group of replaced 

lepidolite-albite pegmatites in the Beus classification. In this 

group the beryl is usually a high-alkali variety which does not 

occur in very large crystals (mostly less than 2  in. diameter). 

In the Mistress pegmatite the beryl is associated with the 

contact and outer-intermediate zones. 
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2. Background values of 2-3 p.p.m. Be occur in the -190 micron 

fractions of soils developed over schist and gneiss. Stream 

sediment material of this size, derived from barren gneiss, 

contains 1.5-2 p.p.m. Be. 

3. Analysis of size-fractions of .soil and sediment derived 

from background gneiss indicate that Be is concentrated in the 

fine material, the highest values occurring in the clay-size 

fraction. 

4. There is no significant correlation between soil horizon 

and the Be distribution in the -190 micron fraction of the 

anomalous overburden. 

5. The anomaly peak of 50 p.p.m. Be (-190 micron fraction) is 

broader than that at Bepe 2, due to the greater width of the beryl-

bearing zone and more effective movement by soil creep on the 

steeper slopes. 

6. The lateral distribution of Be in this size fraction extends 

no further than 200 feet from the pegmatite-gneiss contact; a 

wider dispersion probably exists in the 190-2000 micron fraction. 

7. The highest Be values occur in the coarsest fraction of 

anomalous soils and stream sediments, and the contents 

progressively decrease with decrease in particle-size. In strongly 

anomalous samples the clay-fraction content is particularly low 

compared with the coarser fractions. 
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8. There is a progressive decrease in the anomalous Be content 

of most size-fractions of stream sediments on passing downstream 

from the pegmatite. The anomalous drainage train barely extends 

to a distance of 3000 feet from the dyke for the -190 micron fraction 

of stream sediment whereas it is at least 3000 feet, and 

possibly much greater, for the 190-2000 micron fraction. 

9. The portable gamma-neutron instrument produces similar 

anomalous patterns over anomalous soils as does the chemical 

method, but values are higher and show greater fluctuations. 

As at Bepe 2 these differences are due to the fact that the 

instrument measures the Be content of the total soil whereas 

the chemical analyses refer only to the -190 micron fraction. 

10. There appears to be no significant concentration of Be in 

the components of vegetation growing over the beryl pegmatite 

at the Mistress Claims. 

3. ISHASHA AREA, UGANDA 

A. Description 

Physical features: The Ishasha area is situated in the 

Kigezi District of South West Uganda, near the border with the 

Belgian Congo (Fig. 30). 

Although the area lies almost on the equator the climate is 

considerably modified by altitude. The temperature varies 

between 60°F and 80°F throughout the year. The mean annual 

rainfall of 76 inches is so distributed as to give two fairly 
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well defined wet seasons one from March to May and the other from 

September to November. 

The predominant vegetation is dense tropical forest. In 

places on the steep hill-slopes the tall trees and thick 

tangled undergrowth have been cleared for native cultivation. 

The study area, however, is still covered by virgin forest. 

The southern part of the Kigezi District is mountainous 

with many recorded heights over 8000 feet. It is an old plateau 

now deeply dissected by valleys running roughly parallel to the 

regional tectonic strike of 1450-160°. The Ishasha area is near 

the northern edge of the mountainous region; the highest hills 

are between 5000 and 5200 feet above sea-level. To the north 

the general elevation decreases rapidly to the flat country 

bordering Lake Edward which is 2995 feet above sea-level. The 

Ishasha mine itself is situated at a height of 4500 feet in 

rugged country where slopes up to 400  are common (Fig. 31). 

Drainage in this mountainous area is dominantly towards the 

north-west via the Ishasha River which flows into Lake Edward. 

The rivers and their tributaries are eroding vigorously, the swiftly 

flowing tributaries being fed by numerous small streams which often 

rise in water-logged areas at the heads of narrow, steep-sided 

galleys. 

Geology: The most widespread rocks in the Kigezi District 

are metamorphased sediments of the Karagwe-Ankolean System of 

Pre-Cambrian age (Combe, 1952). The Ishasha area is poorly 
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exposed and little is known of the local geology. It is possible 

that the strong regional strike of 145°-1600  persists and that 

intense isoclinal folding is responsible for the observed steep 

dips in bedding and cleavage. Granite occurs less than 2 miles 

south of the mine. Many pegmatites occur in the mica schists 

and at the contacts the schist usually has been extensively 

tourmalinised. It is possible that the pegmatites become enlarged 

at the intersections of strong shears with lines of weakness 

along fold axes. 

The main pegmatites belong to the group of replaced muscovite-

albite pegmatites in the Beus classification (Beus, 1956a). 

The Ishasha pegmatite (Fig. 31) which is being mined for beryl 

has been described by Hawkes and Gallagher (1960). The body is 

possibly crescent shaped in plan, perhaps thickening at depth. 

The sequence of internal zoning appears to be as follows:- 

Zone 	Description 	Width 

Contact zone 	Coarse perthitic felspar with subsidiary 	10-20 feet 

quartz and minor muscovite. 

Intermediate 	Fine to medium-grained muscovite-quartz- 	5-15 feet 
zone 

albite-oligoclase pegmatite containing 

beryl and a little tantalite-columbite. 

Core 	Massive quartz. 	 10-15 feet 
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In general the pale-green beryl crystals average 2  to 2 in. across, 

although fairly large crystals are reported from the northern 

intermediate zone near the centre of the pegmatite. 

During the course of the present study a new pegmatite body, 

referred to as the Waterfalls pegmatite (Fig. 31) was discovered 

as a result of stream sediment sampling in the Ishasha drainage 

system. The nature of this occurrence is not known but it is 

possibly similar to the Ishasha pegmatite described above. 

The natural dispersion of Be from the Ishasha body could not 

be studied due to extensive contamination from the mine workings, 

and the detailed investigations were therefore carried out in the 

vicinity of the undisturbed Waterfalls pegmatite. 

Overburden: Even on the steep hill-slopes, the soil cover is 

almost continuous and may be as deep as 6-8 feet at the bottom of 

slopes and in gulleys. The overburden is dominantly loamy with 

some evidence of profile differentiation. Below the mat of 

decaying organic material at the surface, there is a black organic-

rich horizon to a depth of 9-24 in. ranging up to 60 in. or more in 

gulley colluvium. The underlying brown subsoil shows a 

gradual transition into weathered bedrock. Generalised profiles 

of soil developed over pegmatite and mica schist are described 

below. 
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Profile over pegmatite at 2650B 

Depth Horizon 	Description 

0-3 	Upper top- 	Black loam with much roots, leaves 	5.4 
soil 

and twigs; some pegmatite fragments 

up to 1 in. in size. 

36.12 Topsoil 	Black loamy-clay with roots; 5.0 some 

quartz, mica and felspar gravel 

fragments up to 1 in. in size, 

12-18 (transition) Black-brown loamy-clay at top grading 

into grey-brown loamy-clay at 

bottom, with a little pegmatitic 

gravel material. 

18-29 Subsoil 	Brown loamy-clay, grading from 	5.3 

greyish-brown at top, with some 

pegmatite fragments up to 1 in. 

in size. 

29-11 Lower subsoil Some brown loamy-clay between frag- 

ments of weathered pegmatite 

material up to 4 in. diameter. 

41+ 	Bedrock 	Weathered pegmatite, mostly felspar 

with some quartz and mica. 
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Profile over schist, 2925B 

Death Horizon Description 

Upper topsoil Brownish-black loam with much 

decomposing roots, leaves and twigs. 

5.5 0-3 

3-1 2 Topsoil Loose black-brown loamy-clay 

with roots and much fine mica. 

5.2 

12-40 Subsoil Very soft silver brown loamy-clay 

with unconsolidated mica schist; 

some angular quartz fragments below 

5.0 

28, in. 

40+ Bedrock Soft weathered micaceous schist. 

The mineral composition of the coarse material in the topsoil 

horizon depends upon the bedrock further up the slope, from which 

much of the material has been derived. In the subsoil, the 

composition depends more upon the nature of the immediately 

underlying bedrock. 

B. Distribution of Be at the Waterfalls Pegmatite  

1. Pegmatite minerals  

Samples of the principal pegmatite minerals from the Water-

falls dyke were analysed colorimetrically for Be. The values 

obtained for felspar and mica are similar to the instrumental 

data obtained by Hawkes and Gallagher (1960) on the corresponding 

minerals from the Ishasha pegmatite (Table 29). 

110. 



TABLE 29  

Be content of minerals from Waterfalls and Ishasha 

pegmatites, Ishasha 

6 	• I 94 • 6 	••••• 	 44 

p.p.m. Be 

Mineral  Colorimetric 
(Waterfalls) 

Gamma-neutron assay 
(Ishasha) 

0.25 Quartz 

Felspar 

Felspar (albite -oligoclase) 

Muscovite 19 

7.5 
7 

18 

2. Soils 

(i) Background and threshold values 

True background values for soils derived from barren 

micaceous schist are difficult to obtain owing to the wide 

distribution of pegmatite veins throughout the area. The 

contents of 3-5 p.p.m. Be in the -190 micron fractions of 
samples from Profile S5 (Fig. 33) are the lowest recorded in 

profile samples. However, by virtue of the distribution of Be in 

the different size-fractions of these samples (Fig. 32), it is 

possible that even this profile is affected by pegmatitic 

material, or there may be locally disseminated Be minerals in 

the schist. Lower values of 1-2 p.p.m. Be are present in several 

samples of -190 micron material from the contour traverses (Fig. 37) 
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and it is more probable that these values represent the true 

local background for schist. 

Granite soils, on the other hand, contain approximately 

1 p.p.m. Be in the coarse fractions and 2.5-3 p.p.m. in the fine 

fractions (Fig. 32). Here, the clay fraction does not appear 

to carry the highest values, as is the case in soils developed 

over granite in the Bepe area (Table 7) and over gneiss in 

the Mistress area (Fig. 26). 

In view of the relatively high local background values, 

the threshold has been taken, provisionally, as 7 p.p.m. Be. 

(ii) Distribution of Be in the soil profile  

There are no significant variations in the Be contents of the 

-190 micron fraction material within profiles over and in the 

vicinity of the Waterfalls pegmatite (Fig. 33), although in some 

cases there is a tendency for the metal to increase in tenor 

with depth, as in profiles S4, P2, P3 and G1. The Be values of 

topsoil samples are never significantly higher than those of 

the subsoil. 

Data from the analysis of size-fractions of profile samples 

(Figs. 34 and 35) indicate an apparent bimodal distribution 

pattern of Be in the size-fractions of all anomalous samples, 

whether from soils over pegmatite, schist or gulley colluvium. 

One peak occurs in either of the two coarsest fractions and the 

other occurs in either the fine-sand (20-80 microns) or the silt 

(2-20 microns) fraction. The values given for the 900-2000 micron 
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fraction may not be truly representative, however, because for 

some samples only ig of this material was available for 

analysis. 

The clay fraction of anomalous soils invariably contains 

only relatively small amounts of Be as compared with the silt 

fraction. It is interesting to note that these low values may be 

eliminated, and relatively uniform values obtained, by analysing 

the oversize material, irrespective of which fraction is 

taken (Fig. 36). However, if undersize fractions are 

analysed there is a marked drop in Be values as the proportion of 

clay increases in the material treated. 

Over pegmatite (profiles F2 and P3) the Be content of most 

size fractions is slightly higher in the sub soil than in the 

topsoil. In profile S3 (over schist), the high Be content of the 

coarse fractions of the topsoil are in direct contrast to the 

low values in similar material of the subsoil. Here, the Be 

content of the topsoil is affected by anomalous soil derived 

from pegmatitic material upslope. 

(iii) Lateral distribution 

As previously indicated, analysis of coarse fractions gives the 

wider anomaly in the Bepe area. At Ishasha, on the other hand, 

as a result of the high Be content of the fine soil fraction, there 

is little, if any, difference between the -190 and the 190-2000 

micron fraction values from the prospecting point of view (Table 30). 
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Furthermore, use of the -190 micron fraction avoids the necessity 

of crushing the sieved sample. 

TABLE 30 

Comparison of Be values for -120 and 190-2000 micron 
fractions of  

• ....... ..... • 	6... • •ww ....w...w.wwuu..+.wwuuYwa.w.uwr.n.iN✓auMw.ti .w••u.. 14.1.11.4441.•114.6.... • 

Sample 
p.p.m. Be 

-190 microns »3190-2000 microns 

Topsoil, profile S3 

ft 	 t t 	G-2 

ft 	 I t 
	P3 

Samples treated by sedimentation 

18 

17 

62 

6 

16 

11-7 

The results of contour soil sampling, based on analysis of 

the -190 micron fraction of topsoil samples (Fig. 37) indicate the 

presence of two significant anomalies, one over the Ishasha 

pegmatite and the other covering the Waterfalls occurrence. 

Anomalous values as high as 90 p.p.m. Be were obtained in 

uncontaminated soils near the Ishasha dyke, and Be contents up 

to 65 p.p.m. were present above the Waterfalls pegmatite. 

It is possible that minor anomalous values, located upslope from 

each of the main pegmatite bodies, reflect extensions of the known 

occurrences. 
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(iv) Representivity 

A point 35 feet upslope from sampling position 27003 on 

Traverse B (Fig. 37) at the Waterfalls pegmatite was selected 

for testing the representivity of topsoil samples in the same 

manner as at Bepe (p.74). The local topographic gradient was 

1 in 1.7. The results (Table 31) indicate that apart from the 

upslope direction, a single sample is reasonably representative of 

the soil for a radius of at'least 25-50 feet. Diomogeneization of 

the soil by creep on the steep slope is undoubtedly a factor. 

TABLE 31  

Lateral representivity of topsoil.at the Waterfalls 

pegmatite, Ishasha 

	 1 	e 	114.1* 	 46•6111414 A! 	  
• 

p.p.m. Be 

3 50 	50 	36 50 
6 30 	50 44 58 

12 46 	56 66 4.6 
25 28 	54 68 50 
50 28 	4.6 68 29 

Value at centre point = 50 p.p.m. Be 

  

Data refers to dry-sieved -190 micron fraction, 
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It is unlikely that similar results would invariably be obtained 

elsewhere in the area, particularly where the Be is erratically 

distributed in the bedrock. 

(v) Comparison with spectrographic results  

The different size-fractions of samples from profiles S5 

and P3 were also analysed spectrographically (Table 32). Both 

sets of values discriminate between background and anomalous 

samples and show the same trends within any one sample. 

However, the spectrographic values show a consistent tendency 

to be higher than those obtained by chemical analysis. In this 

case, the spectrographic determinations were based on a D.C, 

anode arc technique using a simple C:sample mixture. Much 

better correspondence was obtained on the Bepe samples using 

LiCO3 buffer (Fig. 21). 
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:Fraction 
(microns 	 

Spec. 

Profile 

Topsoil 

Chem. 

p.p.m. 

35  

Spec. 

Be 

on schist 

Subsoil 

Chem. Spec. 

Topsoil 

Profile 

Chem. 

P3 

811 SOil 

Spec. 

p.p.m. 

per 
on mmatite 

Chem. 

Be 

Spec. 

Lower 
subsoil 

Chem 

900- 
2000 1.5 n.d. 2 145 56 230 64 220 60 

470-900 10 1 .5 n.d. 1 .5 200 72 220 72 290 1 60 

190-470 1 .5 10 2 85 32 120 50 130 96 

100-190 10 2 . 5 10 3 120 70 130 40 125 135 
80-100 10 14 n.d. A. 250 80 80 85 130 120 

20-80 15 6 10 5 320 140 210 260 250 270 

2-20 10 5 10 7.5 180 84 1 60 160 600 370 

0-2 10 2.5 n.d.. 2 . 5 30 1 0 12 11 27 20 

n.d. = not detected 
Spectrographic sensitivity 10 p.p.m. Be using arc lines at 3130 

And 3131 A°, 

TABLE 32  

Comparison of spectrographic and chemical Be values  

for soil samples, Ishasha 

(Speotroyraphic analyses by Miss D. A. Poynter) 

(vi) Results for other elements 

Determinations of a number of minor elements (Table 33) 

were made spectrographically by Miss D. A. Poynter on the 

samples given in Table 32. 
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TABLE 33 

Minor elements in soil samples Ishasha  

Fraction 
Element, p.p.m. • 

	

Profile Horizon •In
forons1 1 	; .... 

	

, 	1 Mn 1 Pb15n1Gal V 1 Ti 	NI1 Zr 	Cr 	Li Rb 1 Ba Sr 

	

1 	•  

1 	470-900 	2001 4511nd1 81 40118001 ndt 150. 80 22 nd 1250 20 

	

1 	1 	1 	1 	 1 
190-470200120H55125001301 2201m60nd60 281 

	

1 	• 	1 	; 
 

1 

	

100-190 	2801 30.nd1251 80150001 301 140 120 130 2501350 70 

	

I 	1 , 	1 	I 	1 	 ' 	1 • 
S5 	Topsoil 80-100 	3501 30Ind'201 80 5000 401 130 150 130 5001350 801 

	

I 	Y 	i 	. 	I 	 1 

	

(schist) 1  0-12 	20-80 	3501 40und1 201 80155001160'1800 160 90 1501300 401 
1 

1 

	

in. 	2-20 	5001160'nd351120140001400, 320 900' 90 1501320 801 
1 

0-2 	35001150125135140017500 1601 350 250 130 500 .350 110 1 
1 

900-2000 90 401nd140116014200 301 600 130'300 700 600 80 

	

470-900 	130 201nd120113013200 501 420 160 300 900 450 70 
1 	1 	1 	1 	1 

1 	1 	: 	1 
 

	

190.470 	1601  201nd128114013500 601 270 180 320 9001450 90i 

S5 	1  1 	; 
Subsoil 100-190 1 5001  201nd122115016000 60i 200 2501320 8001400 80 

(schist) 	12-50 80-100 	3501 351nd(221 80 4000 601 200 140 280 7001450 801 
i 

	

. , 1111 	1 
In. 	20-80 ' 2701 351221151 8014200111011100 160 250 400 320 70 1  

1 	1 	1 	1  2-20 	1301 60,22115i 70120001270! 350 210 250 3501320 60 
1 	1 	1 	1 	1 	

I 
0-2 	2301200,1811812201430011201 400 130 100 1201 60 8 
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TABLE 33 (Cont'd.)  

Minor elements in soil samples, ishasha  

(pegmatite) 

Profile 

P3 

P3 

Element, p.p.m. 
Fraction 

Horizon 
microns 

,-  Mn Pb 1Sn Ga V Ti 'Ni Zr 	Cr 

4 .1.-- 	4-.... 

• 

900-2000 200 301nd 3 25, 7001nd nd 	12 
1 	1 

470-900 270 281nd 3 15 700'nd 1101 10 

190-470 260 201nd 4 

Topsoil 100-190. 650 401nd 5 

	

0-12 	80-100 320 30120 10 

	

In. 	20-80 	600 55125 101 50 5500 200 1800 350 
1 

2-20 1800 180150 

..
1

......a.2 
	800 90 40 

1900-2000 120 751nd 
1 

470-900' 120 35 ndl 

25 nd 

20.120 5500 560 400 10001160 120014001.110 

20 120 4000190 1401 140(160 6001320 1  80 
i 

	

3 15 900 nd 	nd 	101 601 3501130 1  40 

3 15 9001nd 100 

I 

	

4 15 15001nd 	160 

15 18001100 1001 1101 221 1001  601 22 
; 
; 	i 

	

15 2000I nd 	 nd 	251 40 1001  901 25 

28 5000(320 700 16011001 '120 1201 50 
1 

32 25001180 180 15011501 500 300 80 

1 150 45 16 140 40001100 160 100000i 2001160 15 

15 1400 nd 	1601 101 
1 

18 1800 nd 	110 251 

35 2000 55 1301 100/  

101 401 2001 901 20 

101 401 100 801 22 

Li 1 Rb 1Ba 1Sr 
	1 

201 1001320 25 

201 ndl 40 1 20 

251 ndl 60! 30 

301 nd1 601 28 
; 	• 	I 

50 1  120 110 50 

901 400 2001 80 

(pegmatite) 

190-470 200 

Upper 100-190 250 20 nd 5 

Subsoil 80-100 300 27 nd 7 

	

12-41 20-80 	600 68 35 6 

In. 	2-20 	580# 90 25 7 

0-2 1800 

.. 	I' f 1 -1 	4 	i- 4. 	1  ' 1 	 I 	 4 	 

900-2000 1  6 2501nd 6 nd nd Ind 	nd nd 20110001 801 28 
1  

470-9001 	5 2201nd 6 nd nd Ind 	nd 	nd i 20111001 401 2 21  
1 

190-4704 	4 80Ind 7 nd nd Ind 	nd 	nd I 121 3001 121  5 

100-190 	4 601nd 7 nd nd ! 30 nd 	401 6 1 1501 141 6 

1  

	

I 	. 	1  
80-100 	5 601nd 7 nd 1501130 nd 140! 81 2001 27' 15 

1 	1 	1 

	

20-80 	20 751nd 7 nd 2401300 nd 7001 131 3501 22
I 
 7 

	

2-20 	75 110137 6 60 12001500 nd 1300 1120 35011201 50 

	

1 	1 

i 	 i 	1 	 1  
0-2 	240 270 67 111120 40001100 1601 300'100 1501 501  4 

1 	- 	 
I-  3 	8118 2 15 1001 30 100 	10; 11 100 	E3

1 	
I 

3 1  
1• 	1 
. 	, 	1 1 	1 	: .. 

n.d. not detected 
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(pegmatite) Subsoil 

41+ in 
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Limits of detection 



The results are summarized below: 

(a) Positive anomaly over the pegmatite: Sn (2-fold anomaly in 

fine fractions only), 

(b) "Negative anomaly" over the pegmatite: Gal  Ba, Zr?, V?, 

Cr (coarse fraetions 

only), 

Ti 	fl 

Li 

(c) No distinct trends: Mn, Pb, Ni, Rb, Sr. 

It is apparent that no other element produces contrasts 

comparable to those given by Be. 

The data for Rb values (Table 33),particularly those for 

profile P3, are interesting in that they illustrate the transfer 

of this metal from the coarse to the fine fractions on passing up 

a profile, i.e. as the weathering processes advance. In the 

deeper samples Rb is almost certainly present mainly as a minor 

constituent in relatively fresh or partially weathered felspar. 

On weathering, the Rb is liberated but part at least tends to 

remain in the soil associated with the clay mineral weathering - 

products of the rock-forming minerals. 

It is probable that any Be similarly released by weat1'ering 

of felspar and mica would behave in the same way. This is not 

the case, however, with Be combined in the mineral beryl, as 

demonstrated by a detailed investigation into the form of the Be 

in the 20-80 micron fraction of the lower subsoil sample from 

profile P3 which contains 270 p.p.m. Be (Table 32). Successive 
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separations of this material, using heavy liquids, resulted in 

a concentrate containing 30 per cent beryl (identified by 

J. M. Gallagher). 

(vii) Base-exchange capacity of clay and exchangeable Be  

The base-exchange capacity of several clay samples (Table 34.) 

were determined by the method described in Appendix I. The 

exchangeable Be content was then determined on the leachate from 

the base-exchange capacity procedure. 

There is no apparent relationship between the amounts of 

exchangeable-Be and the base-exchange capacity of the clays. 

The exchangeable-Be values, however, were obtained from 

determinations made at the extreme lower limit of the working 

range of the analytical method and the precision is probably 

very poor. 
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TABLIEltk 

Base-exchange capacity and the content of  

exchangeable and I-esti:ay-soluble Be in  the clay 

fraction of soil Ishasha 

Profile 

Parameter G2 in 
guiley 

colluvium 

S5 on 
schist P3 on pegmatite 

4.1+ 0-42 Depth (in.) 12-41 42-48  12-50+ 0-12 

Top-
soil 

26.6 

Material 

weightc;.. of total  

Sub-
soil 

29.7 

Zeathereil Top-
b e:,- rock 

11.1 	27.2 

Sub-
soil 

Sub-
soil 

28.5 16.5 

5.3 6.0 6.4. PH 
Base-exchane capacity 

(milli-equivalents/100g) 

5.4- 500 

6.7 6.5 
5.0 

9.6 9.8 8.7 10.0 

0.3 0.25 Exchangeable-Be 

It 
	

(cio of total) 

0.3 

1.5 

0.2 

2.0 

n. d. 

ORO 

0.1 

1.0 5.0 3.0 

0.5 

20 

1.5 

25 

Readilp-soluble Be 
(134,P•u4) 

Roadily-soluble Be 
of total) 

3.0 

30 

2.5 
	

2.5 

23 
	

12.5 

1 0 2.5 Total Be (p.p.m.) 

LaAllYzaalAkILL 
In addition to the exchangeable-Be determinations considered 

above, the original clay samples were treated with cold 0.2N nitric 

acid and the readily-soluble Be determined by analysing this 
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extract (Table 34). The values are much higher than those for 

exchangeable-Be and there may be some significance in the 

decrease in readily-soluble Be from 30 to 12.5 per cent with 

increasing depth in the profile P3 on pegmatite. 

3. Stream sediments 

Stream sediment samples were collected at a number of points 

in the Kagoma River and its tributaries, including those which 

drain the two main pegmatites. The streams were flowing rapidly 

during the period of sample collection. 

(i) Background  and threshold  values 

The background values obtained in the reconnaissance 

sediment sampling survey (Fig.40) fall within the range <1 -2 Be 

for the -190 micron fraction, giving a threshold value of 

2 p.p.m. 

The mechanical composition and the distribution of Be within 

the size fractions is roughly similar for all the background 

samples studied (Fig. 38, sample nos. 1 and 2, and regional 

background). There is a tendency to a bimodal Be distribution, 

although, the highest values occur predominantly in the fine 

fractions. The local background samples may possibly be 

influenced by minor amounts of pegmatitic material derived from 

within the catchment areas, or by feeble dissemination of Be 

minerals in the schist. 
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The values given by sample no. 1 are considered to be 

representative of the local background. The 190-2000 micron 

fraction contains 1.0 p.p.m. Be and the -190 micron fraction 

value is 2.3 p.p.m. (Fig. 39). The threshold values are taken 

as 3.0 p.p.m. Be for each fraction. 

(ii) Reconnaissance samples  

Reconnaissance stream sediment samples(-190micron fraction) 

were collected at 250 feet intervals along the drainage (Fig. 40). 

Strong anomalous Be values occur downstream from the Ishasha 

mine, and additional anomalous Be contents in sediments from the 

East Branch of the Kagoma River led to the discovery of the 

Waterfalls pegmatite. 

Near the Waterfalls dyke, the 190-2000 micron fraction gives 

an anomaly contrast of 13 compared with 7 for the-190 micron 

fraction (Fig. 39). Downstream, however, the contrast is 

slightly in favour of the fine fraction, which gives a contrast 

of 2.9 as compared to 2.4. for the coarse fraction. For this 

reason, and the fact that it is not necessary to crush the fine 

fraction prior to analysis, the -190 micron fraction was used for 

routine sediment sampling in this area. In actual fact, detailed 

examinations subsequently carried out in the laboratory show that 

rather greater contrast would have been achieved by analysing the 1100 

nrbranmatarial, since this would have eliminated the low-grade 

100-190 micron fraction which usually comprises about 50 per cent 

of the -190 micron material (see Fig. 38). 
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(iii) Distribution of Be in size-fractions of anomalous 

stream sediment 

Bulk sediment samples of 3 Kg each were collected from points 

in the Kagoma River and its tributaries (Fig. 38). The 

distribution of Be in the various fractions was determined after 

the samples were separated into size-fractions by the sedimentation 

procedure (Appendix I). 

The mechanical composition data show that the greater part 

of the sediment samples consists of coarse material with 

particle-size greater than 100 microns. 

Sample no. 3, shown to be slightly anomalous in the 

reconnaissance survey, displays a distinct bimodal pattern of Be 

distribution, with values in the coarse and fine fractions 2-3 times 

greater than background. It is considered probable that this 

sample is partly composed of material derived from pegmatite, 

possibly a southerly extension of the Waterfalls body. 

Sample no. 4., collected downstream from the Waterfalls 

pegmatite, contains anomalous Be values in all fractions. 

Bimodal distribution of the Be is particularly pronounced. This 

pattern of distribution of values is strikingly similar to that 

which occurs in the soil and colluvium overlying pegmatite 

(Fig. 39). 

At sample point no. 5, 2000 feet downstream from the 

Waterfalls pegmatite (but upstream from the confluence with the 
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mine tributary), anomalous Be contents persist in the fine 

material, although the tenor is reduced. The absence of a 

peak in the coarse fractions is possibly due to poor representivity 

as only 10 g from a total 800 g of each of the 900-2000 and 

470-900 micron fractions was crushed for chemical analysis. 

From Table 12 it may be shown that the sampling precisions thereby 

attained were >100 per cent and 40 per cent respectively. 

Analysis of an 80 g sample by the gamma-neutron instrument 

(by J. M. Gallagher) gave values of 8 p.p.m. and 10 p.p.m. for 

the 900-2000 and 470-900 micron fractions, respectively. In 

this case the sampling precisions are 50 and 15 per cent, so 

that these values are probably much nearer the true Be 

contents for these fractions. 

The high Be value in the fine material of sample no. 6 reflects 

the addition of material from the mine workings. Nevertheless, 

mining is unlikely to influence greatly the size distribution 

of the Be mineral, and the fact that these fine-fraction values 

are high in Be is considered to support the assumption made 

previously that the nature of the Waterfalls pegmatite is 

possibly similar to that of the main Ishasha pegmatite. The 

absence of high Be contents in the 900-2000 and the 470-900 

micron fractions of sample no. 6 may be due also to poor 

sampling precision. 
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(iv) Representivity 

Representivity in the --190 micron fraction was tested by 

collecting samples at points between two of the original 

reconnaissance sample positions (Table 35). All the values 

were determined on separate samples (i.e. where two values are 

given, these refer to duplicate samples and not to duplicate 

values for the same sample). The data show that there is a 

reasonable measure of agreement between samples taken at any 

particular point. 

TABLE2 

Representivity  of the -190 micron fraction of  
stream sediment, Ishasha 

Sample Point 

Distance 
downstream 

from 
31 

ft) 

p.p.m. Be 

Original 
value, 

determined 
in the field 
(p.p.m. Be) 

31 0 9 15 

(at gaterfalls 3 14 
pegmatite) 

6 12, 	13 

12 18, 9 

25 6, 4 

50 8, 8 

100 6, 6 

200 4, 8 

250 9 

Somples dry-sieved and uncrushed. 
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Furthermore, R11 the values are distinctly anomalous. The 

difference between the Be content of the samples at 3-42 feet and 

the others is possibly due to variations in the proportion of the 

Be poor100-190 micron fraction, a factor which could have a 

marked effect on the overall value of the -190 micron material. 

As mentioned earlier, representivity would probably be improved 

by testing only the -100 micron fraction. 

Reference has already been made to the poor representivity 

achieved with the 900-2000 and the 470-900 micron fractions. 

(v) Comparison with spectrographic and gamma-neutron assay 

results 

In Table 36 some spectrographic Be values (determined by 

Miss D. A. Poynter) for size-fractions of stream sediment samples 

are compared with the corresponding chemical values. The 

discrepancies produced by the two analytical methods are 

particularly marked in the coarse fractions and may be due in 

part to poor representivity, having regard to the small 

samples taken for analysis. There is, however, an overall 

trend for the chemical value to be much lower than that given 

by spectrography for the same sample. 
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p.p.m. Be 

F raction 
(microns) 

	

Sample 	Sample 

	

NO. 14. 	No. 5 
Sample No. 1 

Spec. Chap- Spec. Chem. Spec. Chem. 

25 

less than 10 

If 

It 

tt 

II 

10 

less than 10 

2,0 

0.5 

0.5 

1.0 

2.5 

2.5 

14. 

5 

900-2000 

470-900 

190-470 

100-190 

$0-100 

20-80 

2-20 

0-2 

280 

100 

20 

50 

50 

55 

50 

30 

33 

10 

6 

10 

18 

32 

29 

16 

2.0 

2.5 

3 

24- 

7 

10 

12 

6 

10 

10 

10 

10 

10 

10 

14. 

15 

Samples treated by sedimentation 

Copaaria_riA_R29.4K2apiahic  and  chemical Be values for 
stream sediment sanaLsaIshasha 

Check samples were assayed by J. M. Gallagher with the 

laboratory gamma-neutron instrument (Table 37). In general 

the gamma-neutron assay values fall between those given by the 

other two methods. It is possible that inadequate dhemical 

attack or extraction, due to the types of minerals contained in 

the sediment (see p.28), is responsible for the low chemical values. 
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TABLE 37 

Comparison of Be values for various size-fragtigns of qtreal; 
sediment sample No. 4, Idhasha, determined by different  

anal tical methods 

Fraction (microns) 

900-2000 

p.p.m. Be  
• ••••• 

Spectrography 	Gamma-neutron  
assay 

280 	150 

---..'!±•:-_-_-==.7.,-....,-.-..-_-.---•• 

Colorimetry 

33 

470-900 100 	54 10 

190-4.70 20 25 6 

1 00-1 90 50 29 	10 

80-1 00 50 32 	18 
a.....'. 

Analytical 
precision +50 +30 +20 

. 	 .. 	01 	loll ita.t•%. 0•44 4,11•I• 

Nevertheless, despite the marked analytical bias, anomalous 

values are readily recognised, no matter which method is used for 

analysis. 

(vi) Results for other elements 

Miss D. A. Poynter also determined spectrographically the 

contents of several minor elements in the stream sediment samples 

nos. 1, 4. and 5 (Table 38). 
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Thd results are summarized below: 

(a) Positive anomaly with respect to the pegmatite: Sn (in all 

fractions except clay); 

(b) Negative anomaly with respect to the pegmatite: Li 

(3-fold anomaly in coarse fractions only); 

(c) No distinct trends: Mn, Pb, Gal  V, Ti, Ni, Zr, Cr, 

R.110  Ba and Sr; 

(d) There is a marked concentration of Ni and Cr in the silt 

fraction of all samples. 

As was the case for soils the greatest contrast is again 

given by Be. 

(vii) Base-exchange capacity of clay and exchangeable-Be  

The base-exchange capacity and exchangeable Be values of stream 

sediment- clays (Table 39) were deteimined in the manner described 

for soil-clays (p.121). There does not appear to be any 

correlation betwen the base-exchange capacity of the clays and 

their percentage content of exchangeable-Be. As mentioned 

earlier, however, the analytical precision is poor at this 

level of exchangeable-Be content (see p.121). 
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TABULA? 

Base-exchange capacity and the Content of exchangeable and reniilz: 
Soluble Be in the clay fraction of stream sediment Ishasha. 

6.6 

Sample 
No. 

4 
(at 
pegma-
tite) 

Weight 
% of 
total 

1.1 

Base- 
exchange 
capacity 
(milli- 

equivalents 
per 100g) 

7.1 

changeable 
Be 

% of 
1)4)4n' total 

0.5  

Readily-
soluble 

Be 

of 
total 

6 	37 

Total 
Be 

(P•P•m•) 

16 

pH 

3 

11.1).m. 

1.0 6.6 4.8 5 1 
(back- 
ground) 

(viii) Readily-soluble Be 

The stream sediment clays were also treated with cold 

0.2N nitric acid to determine the amount of readily-soluble Be 

present (Table 39). The points of interest are: 

(a) The values are approximately 10 times higher than those of 

exchangeable Be in the same sample; 

(b) The contrast of the anomalous value is almost the same for the 

readily-soluble Be as for the total Be. 

The above comparisons can only be considered as a rough guide 

due to the rather inadequate data, which embraces only one 

anomalous and one background sample. 
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Water 

Four water samples were collected and tested (Table 40) by 

the method described in Appendix I. 

TABU'F, 40 

Be content of water  samples, Ishasha 

Sample 
No. 

2 

3 

Location 

Tributary draining the Ishasha 
nine 

Kagona River, below confluence 
with mine tributary. 

East Branch of the Kagona River, 
belawiVaterfalls pegmatite (at 
sediment sample point no. 4, 
Fig. 38) 

Background tributary (at 
sediment sample point no. 10  
Fig. 38) 

pH 

6.6 

6.6 

p.p.m. Be 

0.02 

0.0005 

0.001 

0.0005 

Although the results for samples 2, 3 and 4 lie near the limit of 

sensitivity for the analytical method, the slight increase 

above background of the amount of Be in the stream water down-

stream from the 7Taterfalls pegmatite maybe significant. Thus 

it is not impossible that the groundwater draining the Waterfalls 

pegmatite may carry a similar concentration of Be to that draining 

the Ishasha pegmatite, and that the content has been diluted on 

entering the stream which is draining a catchment area of 
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approximately 3  square mile. 'nether an undisturbed pegmatite 

would give a similar Be value to that obtained in the water of 

the mine tributary is not known. 

It is unlikely, however, that the high content of 0.02 p.p.m. 

Be in the water of the mine tributary is due to suspended material. 

One gram of clay with a tenor of 20 p.p.m. Be would have to be 

present in 1 litre of water to produce such a content, and this 

quantity of suspended matter was not observed. Filtering 

removed coarser particles. 

In comparison to the results at Ishasha given above, one 

sample of stream-,water from Bepe, collected by J. S. Webb from 

the stream which intersects the Bepe 2 dyke at the Luck Bean 

open-cast, contained only 0.0005 p.p.m. Be. 

Hem (1959) considers that because Be does not go into 

solution to any appreciable degree, it is not likely to be found 

in natural waters in greater than trace amounts. The element 

has been located in sea-water; Green (1959) gives a content 

of 1 x 10-7 p.p.m. Be in the ocean, and Merrill et al. (1960) 

report 5 x 1077 p.p.m. Be. Other values of Be in waters 

include 0.001 p.p.m. in meteoric spring waters (Strock, 1941), 

up to 0.004. p.p.m. in hot spring waters (Kuroda, 1940), and up to 

0.06 p.p.m. in some Transbaikalian carbonate springs (Beus, 1956b). 

G. Summary 

1. The main features which distinguish the Ishasha area from the 

Southern Rhodesian areas are the higher rainfall which is spread 
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more evenly throughout the year, the rugged topography, the deep 

soil cover and dense tropical forest vegetation. 

2. The Ishasha pegmatites probably belong to the group of 

replaced muscovite-albite pegmatites in the Beus classification. 

In pegmatites of this type, much of the beryl is usually medium-

grained. (i-2 in. diameter). 

3. Background Be contents of soils appear to vary between 

1-5 p.p.m. or more (-190 micron fraction). The threshold value 

is provisionally taken as 7 p.p.m. 
1+.. Anomalous amounts of Be, up to 90 p.p.m., occur in the over-

burden above pegmatites. If these are located on steep slopes 

the anomalous material is possibly transported many hundreds of 

feet to the valley bottoms where it can be detected by testing the 

topsoil of samples in base-of-slope traverses. 

5. There are no significant trends in the distribution of Be 

within the soil profiles. 

6. There is a distinct bimodal distribution of Be values in 

the size-fractions of anomalous soils and colluvium. Thus, high 

Be contents occur in the two coarsest fractions (470-2000 microns), 

and in the 2-80 micron fractions. This bimodal pattern of Be 

distribution may be a characteristic of the beryl in this 

particular pegmatite type, in which case it may be significant 

only within the Ishasha area or in areas where similar types of 

pegmatites occur. 
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7. Samples of the -190 micron fraction are representative of the 

soil for a radius of several feet from the sample point. 

8. Background contents of Be in stream sediments vary between 

1-3 p.p.m. The threshold value is 3 p.p.m. 

9. Anomalous amounts of Be, up to 33 p.p.m., occur in the 

size-fractions of the stream sediment below the Waterfalls 

pegmatite and they may be detected at past 2000 feet downstream 

from the pegmatite, particularly in the -190 micron fraction which 

has a contrast of 3 at this point. 

10. The bimodal distribution pattern of Be values in sediments is 

similar to that in soils and it continues downstream in the 

drainage; although the high Be contents of the coarse fractions 

of samples collected may be lost rather rapidly, a feature most 

likely due to the poor sample represent ivity inherent in these 

fractions unless large samples are taken for treatment before 

analysis. 

11. The -190 micron fraction of anomalous stream sediment gives, 

in general, a reasonably representative sample of the sediment for 

a distance of up to 250 feet from a sample point. Representivity 

could possibly be improved by analysing the -100 micron fraction. 

12. In general, spectrographic and gamma-neutron instrument 

analyses produce higher values than do the colorimetric methods. 

The contrasts between anomalous and background samples, however, 

probably do not differ appreciably between methods. 
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13. Sn is the only minor element of those studied which, in addition 

to Be, gives positive anomalies in soils and stream sediments 

related to beryl pegmatites. The contrast, however, is only 

2-3, compared with that for Be of up to 20 (-190 micron fraction 

material). 

14. There does not appear to be any correlation between base-

exchange capacity and exchangeable-Be in the clay-fractions of soils 

and stream sediments. 

15. The amount of readily-soluble Be in the clay-fraction of 

soils and stream sediments is, in general 10-times as great as 

the exchangeable-Be content. 

16. Groundwaters draining the two pegnatites at Ishasha contain 

detectable and anomalous amounts of Be, even after they are 

diluted on entering the stream system. 
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IV THE SECONDARY DISPERSION OF BERYLLIUM 
IN THE VICINITY  OF BERYL PEGKATITES 

Many complex factors may affect the secondary dispersion of an 

element in the lithosphere and the following discussion aims to 

consider those which control the dispersion of Be from beryl-

pegmatites and to assess their relative importance. 

The principal factors which govern the dispersion of an 

element in soils and stream sediments are: 

(a) the primary mode of occurrence and distribution of the element 

in the bedrock; 

(b) those which control the response of the bedrock to the processes 

of weathering and soil formation; and 

(c) those which concern the movement of the products of weathering. 

The consideration of these general factors in conjunction with 

the observed distribution of Be in soils, vegetation, stream sedi- 

ments and stream waters as described in Section III, should serve 

to explain the presence and characteristics of Be anomalies in the 

vicinity of beryl pegmatites. 

i. DISPERSION IN SOILS 

Aa Primary Mode of Occurrence 

1. Beryllium minerals 

Warner et al. (1959) list wenty-nine minerals in which Be is 

an essential constituent in amounts ranging from 1.8 to 36.0 

per cent Be. Twenty of these minerals are silicates, demonstrating 

the oxyphile nature of the metal. Llthough minor amounts of 

1 39. 



other Be minerals may have been present in the pegmatites studied, 

the most important is undoubtedly beryl, the mineral from which • 

virtually all the Be used in industry is obtained. 

The chemical composition of beryl is Be31,12Si601 8, or 

3BeO.A1203.6Si02. It belongs to the hexagonal crystal system 

(beryl type symmetry, Read, 1947). The Si04-tetrahedrons are 

linked together in rings of six with each tetrahedron sharing two 

of its oxygens with neighbouring tetrahedra. The Si601 8-rings are 

stacked one above another in columns, which are linked laterally by 

the Be-ions (in 4-co-ordination) and. the Al-ions (in 6-co-ordination). 

Running through the stacks of rings there are thus empty "tunnels", 

parallel to the c-axis of the crystal, and within these "tunnels" 

water, helium and. the ions of the alkaline metals may be accommo- 

dated. 

The common hexagonal crystal form, hardness of 8, imperfect 

cleavage, uneven fracture and typical lustre, which has a finely 

textured sparkle, are the chief aids in field identification. 

These characteristics, however, are often not well developed, and. 

it may then be difficult to distinguish the mineral from quartz 

or felspar. 

Both specific gravity and refractive index increase with 

increase in alkali content and there is a corresponding drop in 

the Be content from 5.0 to 3.6 per cent. Beryl with specific 

gravity over the whole range from 2.66 to 2.90 may occur within 

a single pegmatite, each variety being related to a definite stage 



of mineral formation (high specific gravity in late stages) so 

that different generations of beryl are characteristic typomorphic 

minerals of the pegmatitic process (Beus, 1950. 

It is unlikely that the size-distribution of the beryl 

crystals in the primary occurrence is similar to that detected 

in the overburden during the investigation. In fact, it is 

possible that very little beryl with a particle-size less than i in. 

diameter occurs at the Bepe pegmatites (by observation, and 

according to Beus (195 6a) for this pegmatite type). Liso Gallagher 

(1959) and Gallagher and Hawkes (1960) consider that most of the 

beryl in the Mistress and Ishasha dykes, respectively, is medium 

grained (1-2 in. diameter), although larger crystals have been 

reported. It appears, therefore, that the finer beryl observed 

in the overburden is derived from the larger beryl crystals in 

the pegmatite. 

Ln important factor controlling the disintegration of the 

beryl may be the extent to which intrinsic basal (perpendicular 

to the c-axis) and prismatic (parallel to the c-axis) partings 

occur within the crystals. Gallagher (personal communication) 

has detected inclusions in beryl crystals with which the partings 

may be associated. Evidence of such partings was, in fact, 

observed in crystals of the mineral at Bepe 2. On exposure to 

weathering, the partings may have a considerable influence on 

the grain-size distribution of beryl in the soil and stream 

sediment as discussed later. 
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2. 	Rock-forming ainin Be as amin 	minor 
constituent  

Most of the Be in the lithosphere is dispersed throughout 

the rock-forming minerals as a minor constituent, due to isomor-

phous substitution. The greater proportion occurs in felspars 

which often constitute the main volume of the rock mass. The 

highest concentrations, however, occur in the dark-coloured 

minerals, especially the micas. 

Beus and Zahina (1956) give the following average figures 

for granite and its minerals: 

Host Be (p.p.m.) 

Granite 8 

Quartz 0.2 

Plagioclase felspar 7 
Dark minerals 32 

The Be contents of the minerals of beryl-bearing granite 

pegmatites (Table 41) have been reported by Beus and Fedorchuk 

(1 955). 
TAWUR 

Be content of minerals from beryl-bearing granite pegmatites 

(after Beus and Fedorehuk, 1955) 

Minerals No. of 
samples 

P.p.m. 	Be 
limits of 
content 

Average 
. 	content 

Block quartz 5 0.5-4 2 
Microcline-perthite 19 5-36 8 
Albite 29 4-61 18 
Muscovite 21 20-108 56 
lepidolite 9 16-126 49 
Tourmaline, black 3 13-36 20 

J 
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The amounts of Be in the rock-forming minerals at Bepe 2, 

Mistress and Ishasha are rather lower than those given by Beus 

and Fedorchuk. This, however, could be due to analytical errors 

involved when minerals are analysed by the calorimetric method. 

In any event, the amount involved is negligible in relation to the 

amount of Be contained in the pegmatites as the mineral beryl. 

Solodov (1958) describes a study in which he calculated that only 

5.6 per cent of the Be in a pegmatite occurs in the dispersed 

state, whereas over 94 per cent is concentrated in beryl. 

The isomorphous substitution of Be in silicate lattices is 

/ made possible by the similarity of the ionic radii of Be2+  0.342) 

/ and Sid{  0.39AO). In order to maintain electrical neutrality 

within the structure, simultaneous substitution of another ion 

must take place. Beus (19560 invokes energy considerations to 

show that Ti, Zr and the rare earths are the most important high-

valence elements which substitute simultaneously with Be in 

silicates. Beus also considers it possible, in pegmatites enriched 

in rare-earth minerals, for the amount of Be dispersed in the fel - 

spars to equal or even exceed the lower limit of Be content given 

for commercial beryl deposits, i.e. 100 p.p.m. Be. 

The Be in background rocks in the study areas is probably in 

the form of isomorphous Be substituted for Si in the rock-forming 

minerals. This applies particularly to granite and gneiss)  in 

the overburden of which the metal was found to be concentrated in 

the fine fractions, especially in the clay, probably due to the 



retention of Be in the clay minerals produced from the weathered 

felspars and micas. There is, however, the possibility of the 

presence of disseminated fine beryl in the mica schists at 

Ishasha. 

The mode of occurrence of Be dispersed in the wallrocks of 

pagmatites during their emplacement is not known. It may either 

be due to fine fine-grained disseminations of beryl or other Be 

minerals, or as Be incorporated in secondary minerals introduced 

during wallrock alteration. No extensive primary dispersions 

were observed in the study areas, however. 

B. 	Weathering,of Primary  Minerals. 

1. Beryl 

The ring structure of beryl, referred to on page 140, is 

extremely stable. The trace constitutents are readily accommodated 

in the channels and do not distort the structure or weaken the 

chemical bonds. It is therefore difficult for ions to leave the 

structure to allow disintegration by chemical means, and the 

diminution of large beryl crystals to smaller fragments is possibly 

largely due to physical processes. The mechanism may be one in 

which water and solid materials, such as iron oxides and kaolin 

(derived from micas and felspars) penetrate the crystals through 

openings caused by weaknesses along the intrinsic basal and 

prismatic partings (see page1)+4). Subsequent alternate wetting 

and drying may cause expansion and contraction of the extraneous 

materials to further weaken the fractures until ultimately the 

crystals disintegrate to fragments, the size of which is controlled 
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by the original fracture pattern. Extraneous red-brown iron 

oxides and white powdery material (probably kaolin) was commonly 

noted along fractures in beryl crystals from each of the present 

study areas. 

Kerr (1946) has reported the occurrence of a pseudomorph of 

kaolin after caesium -bearing beryl. Infiltration of the kaolinite 
through the beryl appears to have taken place by direct replacement, 

first along incipient fractures, followed later by mass invasion. • 

The penetration of solutions was aided by a widespread distribution 

of microscopic cavities which provided points of meekness where 

kaolinisation progressed more rapidly than in more solid parts 

of the crystal. Analysis of the kaolinite indicated that the Be was 

carried out of the system and did not remain with this material. 

The replacement was possibly due to the action of hydrothermal 

solutions rather than to supergene weathering, and it seems likely 

that physical processes are usually more important than chemical 

processes in the weathering of beryl. The presence of the 

microscopic cavities referred to by Kerr could, of course, assist 

in physical disintegration of the mineral. 

If the chemical weathering of beryl is insignificant the 

size-distribution of the mineral in the weathered residuum would 

be controlled essentially by the original grain-size, the presence 

or absence of intrinsic partings combined with inclusions or cavi-

ties, and physical abrasion during weathering. Lt Bepe 2 the Be 

content of size-fractions, presumably mostly in the form of beryl, 

decreases more markedly with particle-size than at Mistress, while 
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at Ishasha Be is concentrated in two ranges of particle-size 

(c. f. Figs. 11, 26 and 34). Each type of beryl distribution 

may be a characteristic of the particular pegmatite type (of the 

Beus classification) in which it occurs. The pattern of size-

distribution of the beryl in the overburden will have no bearing, 

however, on the mineability of the mineral still in situ in the 

pegmatite. 

Probably the most striking feature in anomalous soils and 

sediments is the uniformity of the grainsize distribution of 

Be even in samples which are removed for considerable distances 

from the bedrock source. Nowhere is this more apparent than at 

Dope !. where the high values in the coarse fractions of the soil 

persist for at least 900 feet from the dyke, and at Ishasha where 

the characteristic bimodal pattern persists throughout the 

anomalous soil and into the stream sediments in which, however, 

only the anomalous values in the fine fractions are detected 

2,000 feet downstream. This feature testifies strongly,to the 

chemical and physical resistance of beryl to the soil-forming and 

weathering, processes generally. 

The possibility that beryl weathers chemically must not be 

disregarded. The Be content of felspars and micas, 1.5-7 P.P.n6 

ancl7A-GOp.p.m. respectively, may not entirely account for the high 

values of up to 25 p.p.m. Be in the clay fraction of anomalous soils. 

Although these values could be due, in part, to residual concen-

tration, the effect of which cannot be evaluated as the 
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amount of soluble silica removed from the system cannot be 

determined, another source of Be in the clay could be beryl. 

Mechanical comminution to this degree is not considered possible 

within the soil environment. Futhermore, it seems likely that 

if the major part of the Be content of the clay fraction occurred 

as beryl, then the readily-soluble Be values (Table 34) would be 

much lower than those actually observed. Chemical breakdown of 

beryl, however, could explain the increase of readily-soluble Be 

from 12.5 per cent in the lower sub-soil to 30 per cent in the top-

soil, (profile P3, Table 34) although rather higher contents of 

exchangeable-Be would be expected also. In addition minor 

solution and reprecipitation of Be from beryl could account for 

the rise in Be content in the fine fractions of subsoil samples 

at Bepe 2 and Bepe 4 (Figs. 11E and 24 respectively). 

Jackson and Sherman (1953) emphasise the importance of 

particle-size in considering the chemical weathering of minerals, 

viz:- as the particle-size decreases and the specific surface 

increases the mineral becomes more susceptible to chemical attack. 

The result is that there is a minimum size at which a mineral of 

a given stability can exist under a given intensity and period of 

weathering. These authors also consider that minerals which are 

resistant to chemical weathering tend to persist in the finer 

fractions. However there is a certain size, called the 

'extinction factor', below which a mineral cannot exist because 

it becomes susceptible to chemical weathering. 
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Nothing is known concerning the extinction factor for beryl, 

although it is interesting to note that Jackson and Sherman's figure 

for quartz is 2 microns under tropical conditions. In any event, 

it seems unlikely that much of the primary beryl has so stall a grain-

size, and the resistance of coarser material to physical comminution 

is well illustrated by the fact that the size distribution of Be is 

retained throughout the soil profile (see Fig. 11C). 

2. Rock-forming minerals  

Field observations indicated that there is relatively little 

weathering of the rock-forming minerals whilst they are still 

incorporated in the bedrock. The potassium felspar, microcline-

perthite, is probably the mineral most affected by the penetration 

ofwater along the fracture and cleavage planes, resulting in 

softening of the material which, however, retains its original 

form and appearance. Mechanical disintegration to sand-size is 

occasionally observed but there is little evidence of clay formation 

indinative of extensive chemical weathering. Iron-oxide coatings 

are prevalent along fractures and they increase with the degree 

of weathering. Any release of Be from the rock-forming minerals 

whilst they remain in place in the bedrock would be negligible. 

There is, however, an abrupt increase in the rate of weathering 

on passing from the bedrock up into the overburden. The fact 

that the gain-size distribution remains generally uniform from the 

surface down to the deepest sample in the overburden suggests that 

the size-distribution pattern in the soil is inherited from the 
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underlying bedrock source, at least insofar as the mineral beryl 

is concerned. In the soil, any Be contained within a mineral 

it  susceptible toleathering is liable to be released and more or less 

dispersed according to conditions in the local environment.. This 

is the case in background soils, particularly those over granite, 

where there is a marked tendency for Be to concentrate in the fine 

fractions. 

The pH of soil solutions in a humid siliceous environment is 

usually within the range 4..5-7.5 at which aluminium is liberated 

from the decomposing minerals as the positively charged colloidal 

hydroxide. According to Hazel (1938) and Barshad (1955) the Al-

hydroxide then reacts with negatively charged colloidal silica to 

form clay minerals, of kaolin type in tropical soils. 

Britton (1956) gives the pH values for hydroxide precipita-

tion from dilute solutions as 4.1 for Al and 5.7 for Be. Thus it 

is possible that in soil solutions with pH below 5.7 Be will remain 

in the form of the soluble cation, whereas at higher pH values the 

positively charged colloidal Be-hydroxide may accompany Al-hydroxide 

in the formation of clay minerals. It must be emphasised, however, 

that Britton's values refer to pure hydroxide solutions only, and 

that in the soil environment the hydrolysis pH may vary considerably 

from the figures given. 

Another mechanism which could play an important part in the 

removal of Be from soil solutions is that of co-precipitation. 
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Griffiths (personal communication) considers that Be may be 

quantitatively stripped from water by hydrolysis of Fe and the 

precipitation of hydrous ferric oxide, and Be has been found 

enriched in alumina precipitates from stream waters. Also 

Laitinen and. Kivalo (1952) studied the collection of Be on 

hydrous ferric oxide and found that 50 per cent of the element in 

solution could be collected at pH 5, and that it could all be 

collected at pH 6 and above. 

Depending on the prevailing pH, therefore, trace amounts of 

Be released from weathering felspars and micas (and perhaps beryl; 

see above) will either be removed from the system, be adsorbed on 

surfaces of clay-size particles, be co-precipitated with ferric 

hydroxides, or be incorporated within clay mineral lattices. Be 

in the latter form would be much more firmly held than that which 

is adsorbed or co-precipitated. Since only less than 3 per cent 

of the total Be in soil-clay was found to be exchangeable as 

compared -110 up to 30 per cent that was readily soluble (Table 30), 

it would appear that by fax the greater amount of the Be liberated 

by decomposition of felspar (and mica) is incorporated in the 

secondary clay mineral lattices or co-precipitated with iron 

hydroxides. 

C. 	Chemical Dds ersion in Soil 

According to relative mineral stabilities the dispersion of an 

element in the zone of weathering may be accomplished either by 

chemical or mechanical processes or a combination of both. 
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Whereas chemical dispersion may not be a predominant 

process in the formation of soil anomalies, it is effective in 

controlling the dispersion of Be liberated by the weathering of 

the common rock-forming minerals derived from pegmatite and country 

rock. 

1. Solution and precipitation 

By virtue of the stability of beryl, solution and precipi- 

tation of Be in the percolating soil or ground-waters probably does 

not contribute to any great extent in the redistribution of 

anomalous metal in the areas studied. 

The relatively small amounts of Be released from the weathering 

felspars and micas (and perhaps beryl), whether in the form of the 

cation or positively charged colloidal hydroxide, would possibly 

not travel any great distance downward or laterally before becoming 

attached to negatively charged colloids. Only in environments 

with very low pH can the ion be particularly mobile. 

Soil pH at Ishasha ranges from 4.8 to 6.5, averaging about 

5.4. (Table 42). Whether the mobility of Be would be affected by 

pH variations within this range is not known. However the 
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TABLE 42  

pH values of soils Ishasha 

i
i 

F2 

(Dienp.t. pH  

0-2 6.5 

8 	5.6 

14. 

24 

1.8 24. 

5.2 

4.6 6.3 

P3 

Depth 
(insl PH  

0-3 5.4 

8 5.0 

5.3 

Profile 

0-3 5.51 3 	6.0 

8 5.21  18 	6.0 

18 5. 01 45 6.4. 

26 5, 01 

+=omegas. 

0-3 5.1 0-2 5.81 
1 

8 5.1 6 5.1 

30 15.1 27 5.3 
66 5.1 50 5.2 

range does cover the value of 5.7 given by Britton as the pH 

of hydrolysis of Be, but the limitations of this figure, as pre-

viously mentioned, must be taken into account. 

In this connection, Hem (1959) considers that adsorption of 

Be by naturally occurring minerals is an important cause of the 

low values in water, since such adsorption seems to proceed 

effectively at pH levels common in natural waters. He cites 

the work of Thatcher and Singman who found that at pH 3.5 there 

was no adsorption of Be from water by glass or plastic containers 

over a three month period, whereas at pH 7-8 there was considerable 

adsorption. Merrill et al. (1960) also discuss the adsorption 

of Be on glass. They consider that adsorption is negligible at 

pH 4.0, rising to complete adsorption at pH 7. 
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Very tentatively, the dispersion of soluble Be in soils at 

Bepe, where the pH is 6.0-6.8, is possibly very limited, but it may 

be rather greater at Ishasha where lower pH values prevail, parti-

cularly in. the freely-drained soils, 

2. Biochemical factors 

The overall effect of the absorption of an element by vegeta-

tion is to raise the metal from the lower soil horizons in the 

nutrient uptake and to return the metal to the surface where the 

plant material dies and decays. The effect should be most 

noticeable at Ishasha where there is thick forest vegetation and 

a mat of decaying material several inches thick at the top of all 

soil profiles. There is, however, no apparent concentration of 

Be in the surface soil either at Ishasha or at Bepe (Figs. 10 and 

33). 	It is assumed, therefore, that biochemical factors play a 

very minor role in the distribution of Be in soils, and that 

there is no direct association between Be and organic carbon. 

This conclusion is supported by analyses of the ash of 

leaves and twigs of certain common trees (Tables 21 and 26) which 

indicate that only insignificant amounts of Be are absorbed by 

these species. Furthermore, there is no striking correlation 

between the Be content of the vegetation and the underlying 

soil in the areas examined. Finally, that portion of the total 

Be content that is most likely to be readily available to the 

vegetation is the readily-soluble Be in the clay fraction. The 

data inaicate, however, that in anomalous soil the clays contain 

only a minor proportion of the Be present in the total soil 
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and that only a small part of this is readily soluble. A 

rather greater proportion of the total metal may be available 

to the vegetation in background soils. 

These conclusions, based on a limited number of obser-

vations, are necessarily provisional even when applied to the 

present study areas. Under different conditions, positive 

correlations have, in fact)  been observed between the Be 

content of vegetation and the underlying soil. For example)  

Zalashkova et al. (1958) have used the biogeochemical 

occurrence of Be in prospecting for beryl pegmatites, and 

they obtained up to 39 p.p.m. Be in the ash of alder leaves)  

against background values of less than 3 p.p.m. Furthermore, 

samples with organic origin containing extremely large amounts 

of Be have been recorded in the literature. Thus, Goldschmidt 

(1954) reports contents of up to 8,000 p.p.m. Be in the ash of 

certain coals, although the normal content of coal ash is 

4-10 p.p.m. 

D. Mechanical Dispersion in Soil 

By virtue of the chemical stability of beryl)  mechanical 

processes are of far greater importance than chemical action 

in the formation of Be soil anomalies. 

In the study areas)  the two principal mechanical 

dispersing agents are soil creep and sheet wash. 

Soil creep is particularly effective under the conditions 

of strong relief and scant vegetation that exist at the 

Mistress Claims. At Ishasha the dense vegetation tends to 
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bold the soil in place but would not prevent soil creep on the 

steep slopes which in places exceed 40 degrees. The topography 

at Bepe is much less pronounced for here the land surface is 

mature and there has undoubtedly been adequate time for 

gravitational movement of the overburden. 

Surface sheet wash takes place during periods of heavy 

rainfall at Bepe and at Mistress, but may be relatively limited 

at Ishasha even during heavy falls of rain because of the forest 

canopy and dense undergrowth. 

The two agents of soil creep and sheet wash combine to 

transport anomalous material downslope where it forms the 

topsoil and mixes with the barren soil derived from the country-

rook. The proportion of admixed anomalous soil naturally 

decreases with depth from the surface. 

The distribution of Be in the various size-fractions 

of anomalous and background soils, together with their 

mechanical composition, has a considerable bearing on the 

width and magnitude of the anomalies detected in the different 

size-fractions. Thus, in schist areas the country rock 

weathers to a clay-rich overburden with a high proportion of 

fine material (Table 43), causing rapid dilution of the 

anomalous values in the fine size-fraction on passing down-

slope from the dyke (Bepe 2, Fig. 11). 
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TABLE  43  

Content of —80 micron fraction in soils, Bepe 2 

Distance downslope 
from pegmatite (ft) 

__—_----- 
Per cent -80 micronl 

fractioh 	1  

Topsoil 1 Subsoil 	1 

On pegmatite 
(10N, felspar zone 

244 	I 	38 	I 

On pegmatite 
(1095, beryl zone) 

41 34 	I 

/40 (150 N) 51 70 

125 (3005) 68 	I 80 

1825 (2000S) 80 78  

Granite and gneiss soils, on the other hand, although having 

a mechanical composition similar to pegmatite soils, carry a 

relatively high background Be content in the clay fraction. 

For this reason, the anomaly in the fine fraction is again less 

in width than that detected in the coarse fraction. This is 

illustrated in Traverse 0 at Bepe 4 where the high contrasts 

in the coarse fractions extend for at least 900 feet downslope 

from the pegmatite (Fig. 24) whereas high background values in 

the fine fractions, due to nearby granite, restrict the 

anomalous values to a distance of 500 feet from the dyke (Fig. 23). 

The persistence of the size-distribution of beryl even after 

transport for these distances in the overburden stresses again 

the great mechanical and chemical resistance of the mineral in 

the zone of weathering. 
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The above conclusions regarding the distribution of Be 

in soils may apply only to the areas studied, and under other 

weathering conditions it may be entirely different. The 

nature of the Be mineral is also of paramount importance in 

this connection, particularly with respect to those minerals 

which weather readily, such as helvite. 

E. 	The Association of Other Elements with Ber Ilium 

Sp-ctrographic analysis shows that a number of elements 

give soil anomalies in addition to Be at both the Bepe2 and 

Waterfalls pegmatitess 

Element Contrast of anomaly in relation to 
that of Be anomaly 

Bepe 2 	Waterfalls 

  

      

Sn 	Less 	Less 

Li 	Similar 	("Negative" anomaly) 

Rb 	Greater 	(No anomaly) 

Sr 	Less 	(No anomaly) 

Ba 	Less 	(No anomaly) 

The pegmatite minerals in which each of these elements is 

likely to occur are listed in Table 4A- 
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TABLE 44 

The occurrence of Sn, Lit  Rb, Sr and. Ba in pegmatites 

Element 	f 	Mineral I -1........ 
p.p.m. 

Cassiterite (Sn02) 
Sn 	Plagioclase Plagioclase felspars 50 

Micas (e.g. biotite) 300 

Amblygonite 
Spodumene 	Li an essential 

constituent Li 	Iepidolite 
Potash felspars 5 
Biotite 3500 
Muscovite i 	2000 
Tourmaline 65 
Beryl L 	8000 

Potash felspars 	' 30000 
Rb Biotite 1 ay. 5300 

Iepidolite ay.12000 
Muscovite ay. 1300 
Beryl 

Plagioclase felspar 10000 
Sr 	f 	Potash felspar 340 

Biotite 4000 
-- — 

Potash felspar 170 
Ba 	Biotite 

Muscovite 90000 

Naximum contents reported in the literature, unless average 
stated. 
(Goldschmidt, 1954; Rankarna and Sahama, 1949). 

Sn enters silicate structures only to a limited degree, 

the excess separating out as cassiterite. Data obtained at 

Ishasha indicate that, on weathering the Sn occurs mainly in 

the fine fractions, particularly the clay, of both background 

and anomalous soils (Table 33). This may indicate that 

cassiterite is not the predominant form of Sn in this pegmatite 
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and that the metal detected has beenrrecipitated after being 

liberated from felspars on weathering. The size-fraction in 

which Sn occurs in the soil at Bepe 2 was not determined. It 

is unlikely, however, that Sn could be used to locate beryl 

pegmatites because it is improbable that there is a general 

relationship between the presence of Sn and the occurrence of 

beryl. 

Felspars are usually very poor in Id. but the metal is 

enriched in the micas, in which it replaces Al, Mg and Fe. 

Li is often as strongly enriched in granite pegmatites that 

it forms independent minerals such as amblygonite, spodumene 

and lepidolite. Spodumene occurs in the Bepe 2 dyke and the 

Li anomaly at this prospect could be due to metal derived 

from this source. At Ishasha, however, Li minerals have not 

been reported and it appears that the metal is essentially 

associated with the mica of the schist country rock since there 

is only a "negative" anomaly over the pegmatite. Thus it 

appears that Li may be used to locate beryl pegmatites only if 

it has been ascertained previously that in the pegmatites 

sought there is an association between Li minerals and beryl, 

and that appreciable amounts of the metal do not occur in the 

country rocks. 

Rb, Sr, and Ba do not form independent minerals in 

pegmatites. Rb, and Ba substitute for K in potash felspars 

and micas, whereas Sr may replace Ca in plagioclases in 

addition to K in potash felspars and micas. Thus the 
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anomalies indicated for these metals at Bepe 2 are consistent 

with the fact that the principal felspar is the potash variety. 

At Ishasha, where either a negative anomaly or no definite trend 

is shown, it is probable that plagioclase feispars may pre-

dominate and that the content of Sr, Ba and Rb in the pegmatite 

is similar or less that the content in the schist country rock. 

2. 	DISPERSION  IN DRAINAGE 

A. Dispersion Mechanisms 

During the course of erosion the products of weathering may 

be dispersed in the surface drainage system in three principal 

formes- 

(a) as soluble salts in the stream water, 

(b) as precipitates of one form or another in the stream-bed 

sediment, and 

(0) as constituents that were present in the overburden before 

the latter was eroded to form the elastic stream sediments. 

The relative importance of these materials in the disper.-

sion of Be is considered below. 

1. Dispersion in stream water 

By virtue of the chemical resistance of beryl, the saline 

dispersion of Be was not investigated in nearly the same detail 

as was the dispersion of elastic products of weathering. In 

addition, prospecting by water analysis is not attractive from 

the point of view of (a) the analytical difficulty of deter-

mining the minute concentrations involved, and (b) the effect 

of the many factors that can influence the concentrations, 
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notably variations in pH, rainfall and so on. 

The solubility of Be and the stability of its solutions 

in the zone of weathering have already been discussed (page 149). 

Briefly, within the pH range encountered in the present study 

areas it appears that only a minor proportion of the total Be 

in the weathering complex is transported in solution and, 

furthermore, it is unlikely that these solutions would be stable. 

These conclusions are particularly applicable as regards the 

dispersion of Be from the beryl-pegmatites that were studied, 

but a higher proportion of the background Be content may be 

dispersed in solution. Even here, however, it is unlikely 

that more than a minute fraction remains in solution for any 

appreciable distance. 

The limited data available are consistent with these 

considerations. In background streams the Be content does 

not appear to exceed 0.0005 p.p.m. (Table 40). Even the stream 

that crosses the Waterfalls pegmatite at Ishasha does not 

contain more than 0.001 	Be, and the only markedly anomalous 

water sample was collected in the tributary draining the Ishasha 

mine. This tributary carried 0.02 p.p.m. Be but whether this 

concentration is affected by the presence of the mine workings 

is not known. In any event the presence of this anomalous 

tributary, which is only small relative to the Kagoma River, 

could not be detected in the main stream below the confluence. 
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2. Precipitation on stream sediment 

For many soluble metals, precipitation on the stream 

sediment can be an important factor in the development of 

drainage anomalies. The development of such anomalies in the 

case of Be is clearly restricted by the rather limited dis-

persion of this element in the surface water, despite the fact 

that precipitation would quite probably take place under the 

conditions prevailing in the study areas (page151). 

Again the available data support this contention. Thus 

there is little evidence of saline precipitation in the streams 

examined. However, any precipitated metal would be expected 

to be readily-soluble and, in fact, as much as 40-50 per cant 

of the total Be content of the clayitaction of stream sediments 

at Ishasha in both anomalous and background samples (Table 39) 

was extracted with cold dilute acid. It is interesting to note 

thatX-ray investigations of the clay fractions (by kf.j. Gallagher) 

revealed that appreciable amounts of secondary iron oxides are 

associated with the clay minerals and as discussed previously 

(page 150), the readily soluble Be may have been 40-precipitated 

with the iron compounds. 

3. Erosion and transport of elastic stream sediment 

The development of drainage dispersion trains resulting 

from the erosion of anomalous soil was studied in considerably 

greater detail. The main reason for so doing lay in the fact 

that Be liberated from beryl-pegmatites during weathering would 

most likely reamin in the form of the resistant mineral beryl, 
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even after erosion and transport in the surface drainage 

system. 

In all cases studied, stream sediment anomalies were only 

observed where anomalous residual or colluvial soil was under-

going active erosion. It follows, therefore, that a drainage 

sediment anomaly can only be expected where a juvenile stream 

course cuts across a soil anomaly related to a pegmatite 

occurrence. 

That the sediment anomaly is formed by erosion of anomalous 

soil is confirmed by the fact that the pattern of distribution 

of Be in the different size-fractions remains the same in both 

the soil and the corresponding stream sediment. Nowhere is 

this more clearly demonstrated than at Ishasha where a bimodal 

Be pattern is evident in the size-distributions of both media; 

a similar correspondence was also observed at Mistress. 

Lagnitude and Persistence of Anomalies  

From the prospecting point of view, the l,wu principal 

characteristics of drainage anomalies are the magnitude or 

contrast at the source and the persistence of anomalous values 

downstream. When the dispersion is predominantly mechanical, 

as in the present case, contrast is related to the nature of 

the mineralization and its position with respect to the stream 

channel, whereas persistence depends upon the extent to which 

the anomalous material is subject to dilution by barren sediment. 
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1. Anomaly contrast 

In the first instance, anomaly contrast is determined by 

the rate at which anomalous metal is supplied to the drainage. 

Small high-grade deposits may contribute at the same rate as 

large low-grade deposits. There is, therefore, no means of 

differentiating between variations of grade and size of deposits 

if the contributions of anomalous metal to the sediments are of 

the same order. Only if all other conditions are comparable, 

will there be a degree of correlation between the grade of a 

deposit and the tenor of its associated anomaly. 

In general, the closer the pegmatite source lies to the 

stream the greater will be the anomaly contrast. This, of 

course, arises from the fact that the soil anomaly—which 

is the source of the sediment anomaly..--decays with distance from 

the pegmatite contact. The rate of decay for the different 

size-fractions of the soil will also depend on the relative 

mechanical compositions of the pegmatite and country rock 

soils and their relative metal contents. Thus, admixture 

with clay-rich schist soils or relatively high-Be background 

granite soils can both result in a relatively high rate of 

dilution of Be in the fine fraction. These features are 

reflected in the stream sediment. Nevertheless, it must be 

emphasised that very large samples and fine grinding are 

essential if a representative contrast is to be obtained 

with coarse-grained fractions. 

164. 



Peak anomaly contrast is also affected by the degree of 

dilution encountered when the anomalous soil is eroded into 

the stream channel. For this reason, other factors being 

equal, maximum contrast will be obtained where the metal is 

entering at the headwaters of the stream, whereas metal fed 

in at the same rate further downstream will be subject to 

immediate dilution on joining the existing barren load. This 

feature is illustrated in Table 45 where it is shown that the 

drop in values between the soil and sediment is much greater 

TABLE 4,5 

Mean Be content of size-fractions of colluvial soil and correspcn-
ding stream sediment at the 1142AELTAllEt..adyibr2.__E-ssp9 1:lita 

Size- 
action tr, 

(microns) 

Pegmatite 
L--- 
Waterfalls (17gla, Uganda) Mistress (Rhodesia) 

. 	Soi/ 
1 
5 	p.pia6 Be 

Sediment 
p.p.m. Be 

Soil 
p.p.m. Be 

Sediment 
p.p.m. Be 

900-2000 140 33 200 350 

470-900 60 10 125 220 

190-470 40 6 1 Co 60 

1 00-1 90 65 . 	10 60 30 

80-100 • 90 18 45 25 

20-80 180 32 48 25 

2-20 
0-2 

14.0 
20 

29 
16 

60 
5 

1 0 

for the Waterfalls dyke, which lies at least 2000 feet below the 

headwaters, as compared to the Mistress values where the entire 

headwater area is anomalous° 

165. 



2, Persistence of anomalies 

Colluvial bank soils composed of barren valley-slope soil 

result in much greater dilution than do alluvial banks composed 

of material derived from the same source as the present-day 

stream sediment. Except at the confluence of the stream 

draining the pegmatite with the Mabfeni River at Mistress)  

only colluvial banks were encountered in the present study 

areas. Even so, the drainage trains were detectable for 

3000 and 2000 feet downstream from the pegmatitesat Mistress 

and Ishasha, respectively. Longer drainage trains could be 

expected in areas where. the streams flow through their own 

alluvium. 

As regards the possiblity of comminution of beryl during 

the course of stream transport, it is interesting to note that 

Warner et al. (1959) give beryl an abrasion resistance value of 

270-465 in comparison with that of quartz of 245 (relative to 

hematite = 100). Furthermore Kuenen (1959)  has carried out 

experiments demonstrating that there is negligible abrasion of 

sand-size quartz and felspar grains as a result of alluvial 

transport. These considerations indicate that, with the 

possible exception of large fragments of beryl, there is little 

likelihood of comminution of beryl on passing downstream from 

the point of entry of anomalous soil derived from a weathering 

beryl-pegmatite. This conclusion is consistent with the 

size-fraction data at Mistress, where the sediment anomaly 

remains in favour of the coarse  fractions throughout the course 
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of the stream (Table 28). At Ishashal  however, the coarse 

fraction anomaly is far less persistent than that in the fine 

fraction, but this is believed to be due to the fact that only 

small samples of the coarse sediment, which could not have been 

representative, were treated. The reason for the greater 

persistence of the fine-fraction anomaly at Ishasha, as 

compared to Mistress, is due to the original difference in 

contrast in the soil that provides the source material for the 

sediment. 

The persistence of anomalies in the different size-

fractions is naturally dependent on the magnitude of the local 

background values for these fractions relative to their peak 

values at the anomaly source. Thus, at both Mistress and. 

Ishasha„ the background for the finer fractions is relatively 

high. This. helps to explain the poor persistence of the 

fine-fraction anomaly at Mistress. However, at Ishasha 

this is off-set by the high tenor of the anomalous fine 

fraction material. 

Whereas dilution by bank erosion is progressive, confluence 

with barren streams usually causes an abrupt decrease in 

anomalous values, In general terms, the extent of the dilution 

is proportional to the respective magnitudes of the anomalous 

and barren catchment areas. This effect is evident at the 

confluence of the two branches of the Kagoma River, at Ishasha, 

which are comparable in size (Fig. 40). Anomalous Be values 
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of 10-15 p•p•m.  occur in the -190 micron fraction of sediments 

in the East Branch, and low contents of 3—Lb p.p.m. occur in the 

South Branch. Below the confluence the values are 5-7 p.p.m. 

Be. 

Although no data are available, the effect of dilution of 

anomalies in the different size-fractions of the sediment will 

naturally depend on the mechanical composition of the barren 

diluent. Thus, an anomaly in the coarse fraction will 

obviously not be affected by the addition of barren clay, and 

vice versa. In point of fact, barren and anomalous sediment 

were invariably similar in mechanical composition within each 

area where size-analysis examinations were carried out. It 

is, however, important to stress that the data are not 

necessarily applicable to other areas where different conditions 

prevail. 
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V. SUMMAND CONCLUSIONS 

The following general conclusions are based on a study of 

the distribution of Be, with particular reference to soils 

and stream sediment, in the vicinity of beryl-pegmatites at the 

Bepe and Mistress Claims in S. Rhodesia and at Ishasha in 

S.W. Uganda. 

Before summarising the general features of the Be anomalies 

detected in these areas it is interesting to note that each of 

the aforementioned pegmatites falls into a different group of the 

Beus classification. According to Beus, recognition of the 

different types of beryl-pegmatite is important in that some 

do not normally contain commercial concentrations of the 

mineral. 

In the pegmatites examined the predominant Be-bearing 

mineral is beryl. The Be contents recorded in the rock-forming 

minerals were: quartz, 0.25-1 p.p.m.; potash felspar, 1-3 

p.p.m.; plagioclase, 6-7 p.p.m.; and muscovite, 7-60 p.p.m. 

Examination of the wallrock at the Bepe 2 dyke indicated that 

primary dispersion of Be is limited to 12 feet or less from the 

contact. 

1. SUMMARY 

1. Rapid colorimetric analysis using the Berillon II 

reaction demonstrated the presence of Be anomalies in 
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soil and stream sediment in the vicinity of beryl-

pegmatites. 

2. Under favourable conditions, soil anomalies were 

detectable up to 900 feet downslope from a dyke where 

residual overburden ranged from 1-8 feet in depth. 

3. Background Be values in soils vary with the under-

lying rock type. The following background contents were 

established: granite and gneiss, 2-4 p.p.m. Be; schist, 

1 p.p.m. at Bepe and 1-5 p.p.m. at Ishasha. In general 

the highest Be concentrations occur in the finest fractions 

of granite and gneiss soils, whereas there is no distinct 

trend of Be distribution between size-fractiOnsof schist 

soils. 

4.. 	Greatest anomaly contrasts, up to 1000, are obtained 

with coarse-fractions, whereas fine-fraction contrasts 

seldom exceed 100. 

5. Homogeneous anomalies are obtained by analysing sieved 

fine material (-190 micron fraction), without crushing. In 

the case of coarse-fractions homogeneity is only achieved 

by grinding very large samples before analysis. 

6. Peak anomaly values are related to zoning of beryl in 

the underlying pegmatite. 

7. Anomalous drainage trains are detectable in the 

sediment of actively eroding streams near beryl-pegmatites. 
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8. Anomalous Be values in stream sediments immediately 

below the dykes were as high as 350 p.p.m. for the 900-

2000 micron fraction at Mistress, and more than 30 p.p.m. 

in the 900-2000 and 20-80 micron fractions at Ishasha. 

9. The best anomaly in stream sediment occurred in the 

coarse-fraction (190-2000 microns) at Mistress, but at 

Ishasha it was in the 2-80 micron fraction. In each case 

the anomaly persisted downstream for at least 2000-3000 

feet before decaying to background values of 1 p.p.m. and 

3 p.p.m. respectively. Again large samples and grinding are 

necessary for homogeneity in coarse-fraction values. 

10. Limited stream water sampling indicated only weak 

anomalies of 0.001 p.p.m. Be in the local drainage, compared 

with background values of 0.0005 p.p.m. The only high 

content of 0.02 p.p.m. Be was detected in the small 

tributary draining the Ishasha mine workings. 

11. Limited sampling of vegetation showed no correlation 

between the Be content of common tree species and the 

proximity to mineralisation. 

12. The anomalous Be dispersion patterns are formed primarily 

by the mechanical dispersion of beryl from the dykes and are 

consistent with the stability of beryl in the zone of 

weathering. 
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13. Each pegmatite appears to be characterised by a 

particular grain-size pattern of beryl which persists almost 

unchanged throughout the soil profile. This leads to the 

conclusion that the distribution of beryl in the soil 

reflects either the grain-size or physical parting within 

the beryl crystals in the bedrock. 

14. The grain-size pattern of beryl in the soil persists 

into the associated stream sediment, indicating (a) that the 

sediment anomaly is derived by erosion from anomalous soil, 

and (b) that the effect of abrasion during stream transport 

is negligible, insofar as sand-size and smaller grain-sizes 

are concerned. 

15. Chemical dispersion of Be is probably only effected 

by the metal liberated from weathering felspars and micas, 

although there may be some minor chemical weathering of 

beryl. It probably accounts for much of the metal content 

of the clay fraction wherein it is rapidly incorporated 

under the conditions of relative high pH which prevail in 

the study areas. Chemical dispersion may be important in 

the formation of the background Be patterns. 

16. Field gamma-neutron instrument readings, by K. C. Burke, 

disclosed generally similar patterns to those obtained with 

the colorimetric method, but greater fluctuation and higher 

values reflected the erratic distribution of coarse fragments 

of beryl in the overburden. 
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17. Spectrographic analyses of soil and sediment samples 

indicated that Sn is the only other metal which gave an 

anomaly at each of the Bepe 2 and Waterfalls pegmatites. 

Li, Rb, Sr and Ba also gave anomalies at Bepe 2. In 

general the anomalies have a similar width to those for Be 

but the contrast is less. There is, however, no likely 

connection between the anomalous amounts of these elements 

and the occurrence of beryl in the pegmatites. 

2. PROVISIONAL PROSPECTING PROCEDURES  

Although the results of the present study provide the 

information upon which to base stream sediment and soil 

sampling procedures that would be applicable in the areas 

examined, each new area will usually present its own problems. 

Consequently, it is essential not only to establish the 

applicability of the geochemical approach in each case but also 

to weigh the relative merits of all the different prospecting 

techniques that are available. The routine sediment and soil 

sampling procedures outlined below, therefore, may be used as a 

guide and illustration, but it must be realised that a 

preliminary orientation study under local conditions is a 

mandatory pro-requisite to effective prospecting. 

Exploration problems normally fall into one of two classes: 

reconnaissance surveys and detailed surveys. The former includes 

all those operations aimed at appraising the mineral potential 
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of a given area, with a view to eliminating barren ground and 

focussing attention on those parts of the area meriting further 

examination. Detailed surveys, on the other hand, refer to the 

examination of ground that is already known to be of interest, 

with the object of pin-pointing the location of the bedrock 

metal source preparatory to drilling or applying other means 

of sub-surface examination. Since quite large areas are often 

involved in reconnaissance, the technique should be such that 

it can be operated on a low cost per unit area basis. Detailed 

surveys are usually applied in small areas, allowing a high 

cost per unit area. 

For these reasons the large targets used in reconnaissance 

should be large in relation to the orebody that is sought, while 

for detailed surveys it is preferable to have a smaller target 

closely related to the bedrock metal source. 

The techniques outlined below refer only to areas where the 

overburden is dominantly residual. It is, in fact, doubtful 

whether these methods could be applied where the overburden is 

transported, although further research would be necessary to 

investigate this point. 

A. Reconnaissance Surve s 

The present study has indicated that, given a reasonable 

drainage pattern, it may be possible to use the analysis of 

stream sediments for Be as an aid to reconnaissance surveys for 

this metal. 
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In some areas it may be possible even to carry out large-

scale reconnaissance by soil sampling, providing topographic 

and overburden conditions are such that broad soil anomalies 

may be expected. 

1. Drainage surveys  

Orientation for drainage reconnaissance techniques should 

aim at determining: 

(a) The local and regional background values; 

(b) The length and persistence of anomalies related to deposits 

of significant mineralization; 

(C) The optimum sample weight, size-fraction, and sample 

preparation procedure. 

Ideally the orientation should be carried out in the 

vicinity of known but undisturbed mineralization. Although the 

precise details will undoubtedly vary from area to area, the 

results obtained at Bepe, Mistress and Ishasha indicate that the 

following routine technique would be applicable under these and 

similar conditions elsewhere. 

1. Collect stream sediment samples in duplicate at 1000 

feet intervals, including samples from above the confluences 

of all tributaries. At each point attempt to collect 

comparable coarse-sand-silt samples. The weight required to 

give a representative sample will depend on the results of 
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the orientation survey, but if the -190 micron fraction 

(-80 mesh) can be used, 50-1008 of sediment will normally 

provide an adequate amount of sieved material for analysis. 

Avoid collecting samples which may contain locally 

collapsed bank soils. Omit sampling in streams where the 

catchment area exceeds 5 square miles. (Samples are best 

collected by means of a deep container such as an enamel 

mug, and placed in special water-resistant Kraft paper.  

envelopes). 

2. The samples may be dried in their containers either 

by air-drying or in an improvised low-temperature oven 

according to local climatic conditions. 

3. Sample preparation depends on the selected optimum 

grain-size fraction. For samples of -80 mesh or finer, it 

is only necessary to lightly break up the aggregate in a 

porcelain pestle and mortar before sieving. Coarser 

fractions must be finely ground before analysis; it is for 

this reason, and the fact that large samples are required, 

that it is preferable, if possible, to use the fine fraction. 

4- The samples may then be analysed by any one of the 

berillon colorimetric methods. Although satisfactory results 

may be obtained by any of the procedures given in the 

Appendices, it is considered that the buffer method is 

probably the best due to its relative simplicity and 

slightly higher productivity. 
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5. After plotting the data on the drainage map, anomalous 

indications should be followed up with more detailed 

sediment sampling at close intervals, with a view to 

determining the point of entry of the metal into the 

drainage system. 

6. At the cut-off, bank and base-of-slope soil traverses 

may assist in determining the direction to the bedrock 

metal source. After delimiting the area of interest, further 

detailed surveys by geological and geochemical soil methods 

may be used to pin-point the anomaly source. 

2. Reconnaissance soil surveys  
04.6..REV"^ -110 

The applicability of reconnaissance soil surveys will 

depend, in general, on the magnitude of the soil anomalies and 

the economics of the operation. Routine techniques would 

normally be similar to those described below for detailed surveys. 

B. Detailed Soil Surveys 

As for reconnaissance, a preliminary orientation survey is 

again essential. The importance of collecting pertinent samples, 

particularly from background, during the orientation survey 

cannot be stressed too greatly, in order that the correct 

background and threshold values will be obtained, and to avoid 

errors in interpretation. 

Sampling over a known pegmatite occurring under conditions 

that are typical of the exploration area, should be carried out 

with a view to determining: 
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(a) The magnitude and extent of anomalies related to 

significant deposits; 

(b) The optimum sampling depth, sample weight and size- 

fraction for analysis. 

This is best done by collecting a series of soil profile 

samples at a number of points across known mineralization, in a 

manner similar to that described in Section III. 

The sample pattern for prospecting purposes should be such 

that at least two traverses cross an anomaly related to the dyke 

that is of interest, and the sample interval should ensure that 

at least three samples will fall within any significant anomaly. 

In flat to moderately hilly terrain the sampling grid should be 

laid out in a series of parallel traverses crossing the 

anticipated strike. If the strike is not known it would be 

necessary to use a modified square sampling grid. In rugged 

terrain, base-of-slope and ridge-crest traversing is often more 

convenient, supplemented, if necessary, by intermediate contour 

traverses. 

The following procedures could be recommended for prospecting 

in areas where conditions are similar to those at Bepe, Mistress 

and Ishasha; parallel traversing would be recommended at Bepe 

and Mistress, but ridge-crest and base-of-slope traversing would 

be more appropriate in the hilly country at Ishasha. 
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1. Collect soil samples, at the depth and of the weight 

indicated by the orientation survey, at 100-200 feet intervals 

in suitably spaced traverses. Under the relatively flat-

lying conditions at Bepe where parallel traverses are 

possible, a suitable interval would probably be in the order 

of 500 feet, giving 400-800 samples per square mile. 

2. Drying, preparation and analysis procedures for soil 

samples are similar to those described for stream sediments. 

3. After plotting the data, follow up anomalous indications 

by more detailed sampling at closer intervals, in order to 

determine the shape and extent of the anomaly. 

4. Finally, close sampling at 5, feet intervals on lines 

across the axis of the anomaly, about 50 feet apart, may 

serve to pin-point the positions of the principal beryl 

zones, and serve as a guide to pitting or trenching. 

GENERAL CONCLUSION  

The results of this study indicate that geochemical methods 

can undoubtedly assist in exploration for Be ores concealed 

beneath residual overburden. In this connection it is important 

to stress that the field gamma-neutron instrument is as much a 

geochemical tool as is the chemical analysis of soil and stream 

sediment samples. 
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It is perhaps early to comment in detail on the possible 

scope of these methods which are still in their infancy. However, 

in general terms, it seems probable that the field gamma-neutron 

instrument is better suited to prospect appraisal, i.e. 

discrimination of barren and mineralized deposits, location of 

metal concentrations in known deposits and the tracing of their 

extensions. In prospecting virgin country, either method may be 

preferable as a means of locating concealed deposits, depending 

on the size and tenor of the soil anomalies developed. When 

there is an adequate drainage pattern, however, it is possible that 

stream sediment sampling could be used to good purpose as a 

primary reconnaissance method to delimit focal points for more 

detailed prospecting. Preliminary experiments have been under-

taken which indicate that the field gamma-neutron instrument may 

also have an application in reconnaissance (S.H.TT. Bowie, pers. 

comm.). Subject to further investigation, it seems probable that 

the use of both methods may well depend on such factors as 

geographical situation, personnel, and the economics of the 

local exploration problem. 

A number of problems remain to be solved. Outstanding amongst 

these is the application of chemical methods of analysis to soils 

and stream sediments in the vicinity of concentrations of Be 

minerals other than beryl. In this connection, a great deal 

of research remains to be done concerning the hydromorphic and 
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biogenic dispersion of Be, which could also have a particular 

bearing on the difficult problem of prospecting for all types 

of Be deposits concealed beneath transported overburden. 

181. 



VI. RITERENCES 

AGRINIER, H., 1958. Commissariat a l'Energy Atomique, Bull. 
Inf. Sci. et Tech., Oct., 1958, No. 22, 10. 

ANDERSON, R.B., 1957. Base metals in Southern Rhodesia. Southern 
Rhodesia Mines Dept. Bull No. 6. 

BARSHAD, I., 1955. Soil development. Chapter 1 in CHEMISTRY OF 
THE SOIL, ed. F.E. Bear. Reinhold, New York. 

BEUS, A.A., 1956a. BERYLLIUM. ESTIMATION OF DEPOSITS DURING 
PROSPECTING AND EXPLORATORY WORK. State Publishing 
Office of Scientific and Technical Literature on 
Geology and Protection of Mineral Resources, 
Moscow. 

1956b. Geochemistry of beryllium. Geochemistry 
1956 No. 5, 511-31. 

and FEDORCHUK, S.N., 1955. The clarke of beryllium 
in granitic pegmatites. Dok. Akad. Nauk SSSR, 
104-(1), 108-111. 

and ZAHINA, L.I., 1956. The clarke of beryllium in 
acid magmatic rocks of U.S.S.R. Dok. Akad. Nauk 
SSSR, 109(4), 807-810. 

BOWIE, S.H.U., BISBY, H., BURKE, K.C., and HALE, F.H., 1960. 
Electronic instruments for detecting and assaying 
beryllium ores. Bull. Instn Min. Metall., Land., 
No. 641, 345-59. 

BRITTON, H.T.S., 1956. HYDROGEN IONS. VOL. II. Chapman and 
Hall, London. 

BROWNELL, G.M., 1959. A beryllium detector for field exploration. 
Econ. Geol., 54, 1103-14. 

CHAMBERLAIN, G.T., 1959. Trace elements in some East African 
soils. 1. Cobalt, beryllium, lead, nickel and 
zinc. East African Agric. 3., 25(2). 121-5. 

COMB-, A.D., 1952. Geology of S.W. Ankole and adjacent 
territories. Geol. Surv. Uganda Mem. No. 11. 

182. 



CRAVEN, C.A.U., 1954. Statistical estimation of the accuracy 
of assaying. Bull. Instn Min. Metall., Lond., 
No. 574, 551-63. 

CREITZ, E.E., 1958. Spectrographic determination of beryllium in 
a variable matrix. U.S. Bur. Mines, R.I. 5407. 

DRESSEL, W.M., and RITCHEY, R.A., 1960. Field test for beryllium. 
U.S. Bur. Mines, I.C. 7946. 

FEIGL, F., 1958. SPOT TESTS IN INORGANIC ANALYSIS. Elsevier, 
London. 

GALLAGHER, M.J., 1959. Mineral analysis of Be-bearing soil 
sample from Southern Rhodesia. Mineralogical 
Rept. No. 935, Geol. Surv. Gt. Britain, Atomic 
Energy Division. 

GAUDIN, A.M., 1939. PRINCIPLS OF MINERAL DRESSING. McGraw-Hill, 
London. 

GOLDSCHMIDT, V.M., 1954. GEOCHEMISTRY. Oxford Univ. Press, 
London. 

GOVETT, G. J.S., 1958. Geochemical prospecting studies in 
Northern Rhodesia. 	Ph.D. thesis, Univ. of London. 

GREEN, J., 1959. Geochemical table of the elements for 1959. 
Bull. Geol. Soc. Amer., 70, 1127-84. 

HAWKES. J. R., and GALLAGHER, M.J., 1960. Mineralogy and 
internal zoning of producing beryl-pegmatites in the 
Ishasha area of Eigezi, Uganda Protectorate. 
Mineralogical Rept. No. 979, Geol. Surv. Gt. • 
Britain, Atomic Energy Division. 

HAZEL, F., 1938. Mobility studies with colloidal silicic acid. 
J. Physical Chem., 42, 409-14. 

HEM, J.D., 1959. Study and interpretation of the chemical 
characteristics of natural water. U.S. Geol. Surv. 
Water-Supply Paper 1473. 

HUNT, E.C., STANTON, R.E., and WELLS, R. A., 1960. Field 
determination of beryllium in soils for geochemical 
prospecting. Bull. Instn Min. Metall., Lond., 
No. 641, 361-9. 

183. 



JACKSON, M.L., and SWERMAN, G.D., 1953. Chemical weathering of 
minerals in soils. Advances in Agronomy, 5, 
219-318. 

JEDWAB, H., 1957. Surface colouration of beryl. Bull. Spc. 
Beige. Geol. Pal. Hydr., 66, 133-6. 

KLRAEVA, Z.G., and CHESNOKOV, 0.F., 1958. Using the spectrometallo- 
metric mapping method in prospecting for rare 
metal pegmatite deposits in areas difficult of 
access. Razved. i Okhr. Nedr, 24(6), 32-5. 
(French translation in Prospect. et  Protect. du 
Sous-sol, no. 6 1958, 29-33). 

KARLNOVICH, G.G. 1956. Colorimetric determination of beryllium 
by means of a new reagent - berillon II. Zh. 
Analit. Khim., 11(4), 400-4. (English translation 
in J. analyt. Chem. U.S.S.R., 11(4), 417-22). 

KERBYSON, J.D., and WEBB, J.S., 1959. Preliminary semi-quantita-
tive spectrographic survey of trace elements in 
soil derived from beryllium pegmatite, Bepe No. 2 
Claims, Southern Rhodesia. Geochemical Prospecting 
Research Centre, Imperial College (London) Open-
file report, Nov. 1959. 

KERR, P.F., 1946. Kaolinite after beryl from Alto do Giz, 
Brazil. Amer. Mineral., 31 (9,10), 435-42. 

1959. Experimental abrasion. Fluviatile action 
of sand. Amer. J. Sci., 257 (3), 172-190. 

KULCSAR, F., 1943. How prospectors can detect Be in ores. 
Engng. Mining J., 144(12), 103. 

KURODA, K., 1940. The occurrence of beryllium in the hot springs 
of Japan. Bull. Chem. Soc. Japan, 15, 237-8. 

LAITINEN, H.A., and KIVALO, P., 1952. Fluorimetric determination 
of traces of beryllium. Anal. Chem., 24, 1467-71. 

LUKIN, A.M., and ZAVARIKHINA, G.B., 1956. New reagents for the 
colorimetric determination of beryllium-berilloh 
I and II. Zh. Analit. Khim., 11(4), 393-9. 
(English translation in J. analyt. Chem. U.S.S.R., 
11(4), 409-16). 

184.. 

KUENEN, P.H., 



MARTIN, A.J., 1960. Beryllium as a structural material. 
Atom. No. 410  12-22. 

MeV/1Y, T.N., 1960. Field test for beryllium minerals: the morin 
fluorescence method. U.S. Bur. Mines, R.I. 5620. 

MEHLICH, A. 194.2.  Rapid estimation of base-exchange properties 
of soil. Soil Sci., 53, 1-14. 

MERRILL, J.R., HONDA, M., and ARNOLD, J.R., 1960. Methods of 
separation and determination of beryllium in 
sediments and natural water. Anal. Chem., 32(11), 
14.20-6. 

MILNER, G.W.C., and EDWARDS, 	1959. The determination of 
beryllium by the photoneutron method. AERE-R 
2965. (Available from H.M.S.O.). 

MITCHELL, R.L., 1955. Trace elements. Chapter 9 in CHEMISTRY OF 
THE SOIL ed. F.E. Bear, Reinhold Publ. Corp., 
New York. 

PERRY, E.S., and COOKE, S.R.B., 194.6. Spectrographic prospecting 
for beryllium in pegmatites of Western Montana. 
Amer. Mineral., 31 (9,10), 4.99-502. 

PIPER, C.S., 1950. SOIL AND PLANT ANALYSIS. Waite Inst. 
Monograph; Univ. of Adelaide. 

RANKAMA, K., and SAHAMA, Th. G., 1949. GEOCHEMISTRY. 
Chicago Press. 

READ, H.H., 1 947. RUTLEYS ELIMENTS OF MINERALOGY. 24th Edition. 
Thomas Murby, London. 

SANDELL, E.B. , 1944. COLORIMETRIC DETIMMINATION OF TRACES OF 
METALS. Interscience, London. 

SOLODOV, N.A. , 1958. Distribution of rare elements in minerals 
of rare-metal granite pegmatites. Geochemistry, 
1958 No. 8, 932-40. 

STOLL, W.C., 194-5. The presence of beryllium and associated 
chemical elements in the wallrocks of some New 
England pegmatites. Econ. Geol., 4.0(2), 136-41. 

185. 



STROCK, L.W., 1941. Geochemical data on Saratoga mineral waters - 
aplied in deducing a new theory of origin. Amer. 
J. Sci., 239, 857-98. 

SWAINE, D.J., 1955. Trace elements in soils. Commonwealth 
Bur. of Soils, Tech. Comm. 48. 

SWIFT, W.H., 1956. The geology of the Odzi gold belt. Southern 
Rhodesia Geol. Surv. Bull. No. 45. 

TAYLOR, S.R., 1955. Origin of New Zealand metamorphic rocks as 
shown by their major and trace element composition. 
Geochim. Cosmochim Acta, 8, 182-97. 

TOOMS, J.S., 1955. Geochemical dispersions related to copper 
mineralisation in N. Rhodesia. Ph.D. thesis 
Univ. of London. 

TORIBARA, T.Y., and SHERMAN, R.E., 1953. Analytical chemistry of 
micro-quantities of beryllium. Anal. Chem., 
25(11), 1594-7. 

VINCI, F.A., 1953. Analytical chemistry of beryllium. Anal. 
Chem., 25(11), 1580-5. 

VINOGRADOV, A.P., 1956. Regularity of distribution of chemical 
elements in the earth's crust. Geochemistry, 1956 
No. 1, 1-43. 

WARNER, L.L., HOLSER, 	WILMARTH, V.R., and CAMERON, E.N., 
1959. Occurrence of nonpegmatite beryllium in the 
United States. U.S. Geol. Surv. Prof. Paper 318. 

WEBB, J.S.,-and DEBNAM, A.H., 1959. Beryllium-geochemical 
prospecting research project progress to February, 
1959. Geochemical Prospecting Research Centre, 
Imperial College. March, 1959. 

ZALASHKOVA, 	LIZUNOV. N.V., and SITNIN, A.A., 1958. 
Metallometric surveying for beryllium in areas of 
alluvium covered beryllium-bearing pegmatites. 
Razved. i. Okhr. Nedr, 24 (8), 9-14 (French 
translation in Prospect. et Protect. du Sous-sol, 
no. 8 1958, 8-13). 

186. 



A.IPENDIX I (7E015111OULS) 

1. 	SAMPLE COLLLCTION 	ERLP44RXION 

Kraft paper envelopes with dimensions 10 x 5 in. (to hold up 

to 1 Kg) and 5 x 3 in. (to hold 50-100g) wore used for the 

collection and storage of large and small samples, respectively. 

The Kraft envelopes do not disintegrate if wet samples are 

collected, and they permit air or oven drying without removal of 

the material from the packets. 

Rocks and Minerals 

Outcrop samples consisted of a composite sample of small 

chips of rock collected from various parts of the outcrop, within 

an area of 100 souare feet or loss. 

Bedrock samples were collected from the bottom of profiles or 

from channels 2 feet or less in length along the bottom of a trench; 

each sample consisted of only one rock type. 

Minerals wore selected from rock samples by hand-picking 

after partially breaking down the rock structure. 

Both rocks and minerals were pulverised to a grain-size less 

than 100 microns in a porcelain or agate pestle and mortar. 

B. Soils 

For detailed profile investigations pits were excavated to 

bedrock. 1 fter preparing a fresh face, channel samples were 

taken throughout the whole depth, each horizon being sampled 

individually, and each sample (1 Kg) representing a depth no 
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greater than 12 in. Fragments of soil material larger than 2 in. 

diameter were discarded. lamples were treated by the size-

analysis procedures described later, in order to establish their 

mechanical composition and the pattern of Be distribution in the 

size-fractions. 

Routine samples were collected from small pits, deep enough 

to permit a clean subsoil sample (50-100g.) to be obtained, 

usually at a depth of 12-18 in. A topsoil sample was collected 

also at each sampling point (3-9 in. in depth). Fragments 

coarser than 	in. diameter were removed by hand. After 

drying, if necessary, the material was lightly crushed in a 

pestle and mortar in order to destroy the soil aggregate, and 

separated into +190 and -190 micron fractions (480 and -80 mesh) 

by sieving. The coarse fraction was pulverised in a pestle and 

mortar before analysis, whereas the fine material Was used without 

further preparation. 

C. Vegetation 

Leaves and twigs (2nd or 3rd year growth) were collected 

from trees of the selected species. The materials were sun-

dried without removing them from the sample packets. In the 

laboratory twigs were reduced to shavings, and all samples were 

ached at 50000. in a furnace. The ash was treated in the same 

manner as a soil for the Be determination. 
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D. Stream Sediment  

Stream sediment samples were scooped from the centre of the 

channel with an enamel cup (stream dry or flowing). An average 

sediment sample consisted of material up to * in. diameter; clay 

and silt fractions were usually scarce. 

For detailed size-analysis, samples were separated into 

fractions by the sedimentation procedure described below. Routine 

samples were sieved into +190 and -190 micron fractions, and the 

coarse fraction crushed before aria ysis. 

Bank soils were collected on either side of the stream at the 

sediment sampling points. Both topsoil and soil at waterlevel 

were sampled if greater than 12 in. apart. This material was 

treated in the same manner as routine soil samples. 

E. Waters  

',ater samples were collected in clean 500 ml or 1000 ml 

polythene bottles and acidified with 1 ml of 1:1 HNO3 to prevent 

absorption of metal ions on the container walls. 	In the 

laboratory a sample was evaporated in 1000 ml beakers over a 

waterbath. when the volume had been reduced to 20 ml the 

liquid was transferred to a 25 ml silica crucible and the 

evaporation continued to dryness. 	The residue was then heated 

gently over a burner in order to remove traces of acid. The 

Be determination was carried out on the residue, as described for 

a soil sample, in the same crucible. 
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F. Size-Analysis Procedures 

The patterns of Be distribution throughout the various size-

fractions of soils and stream sediments were obtained by analysing 

the size fractions of samples which were separated either by dry-

sieving or by sedimentation. 

1. Dry-sieving 

After breaking down the soil structure in a pestle and mortar, 

the samples were shaken in a nest of sieves with stainless-steel 

screens. The relationships between screen mesh and aperture-

size are given in Table 46. 

Relation between screen-mesh and a-orture-size of sieves 

Type of screen 

Silk 

Mesh 

80 

(* in.) 

10 Commercial 

Aperture-size 

Nominal 

195 

6,350 

1,980 

(microns) 

Approximate 

190 
allay 	  •••••• • •••••• 

6,300 

2,000 

20 	do 894 900 

Stainless Steel 36 	do. 471 470 
80 	do. 186 190 

150 B.S.S. 1014. 100 

200 	do. 76 80 
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In the following text, and in the body of the thesis, all 

references to size-fractions are in terms of approximate screen 

aperture-sizes in microns. 

2. Sedimentation 

It is impossible to obtain the complete breakdown of the 

soil aggregate with light crushing; this can only be achieved by 

wet-dispersal of the soil in the presence of an agent capable of 

separating all the clay aggregates into individual particles. In 

the present method the dispersing agent is sodium hexametaphosphate. 

The fine material is separated into the following size-

fractions: 

Fine sand 	20-80 micons diameter 

Silt 2-20  

Clay 	u-2 

Proceaure  

The procedure is similar to that described by Piper (1950). 

A suitable amount (50-100g) of soil or sediment (-2000 micron 

material) is placed in a dispersing machine, 150 ml of a 1 per 

cent solution of sodium hexametaphosphate (suggested by Tooms, 

1955) are added, and the mixture stirred very briskly for 

5 minutes. It is then transferred to a 1 litre cylinder and the 

volume made up to 1 litre with demineralised IT.rater. 

it uniform suspension is obtained by shaking end-over-end for 

15 sec and the.settling-time commences when the cylinder is 

returned to the bench. The amount of silt clay in the sample 

191. 



is determined with the aid of a Bouyoucous hydrometer (calibrated 

in grams of suspended material per litre) after the suspension 

has settled for 5 min, and the amount of clay by taking a 

reading after 5 hours. The difff.rence between the values is the 

amount of silt in the sample. If the temperature differs 

markedly from 19-2000 a correction must be made to the readings; 

0.3 units should be added for every degree above 19.4°C, or the 

same amount subtracted for every degree below this temperature. 

To recover the silt + clay material, the mixture is 

reshaken and allowed to settle for a specified period, which 

depends upon the amount of the suspension to be decanted from the 

cylinder and the temperature (Table 47 gives settling time if a 

depth of 1'3 cm. of suspension is decanted). 

TABLE  47 

Variation of settling time with temperature, before 
decantation of 10 cm of silt .1. clay and clay_suspensions 

(after Piper, 195(5) 

Temperature (°0) 
Silt 

min 

Clay 

sec hr 

Clay 

min 

18 5 0 8 25 

19 5 8 10 

20 14. 48 8 0 

21 if  14.0 7 50 

22 4 35 7 40 

23 4 30 7 25 

24 2+ 20 7 15 

25 15 7 5 
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The first litre of silt + clay suspension decanted from the 

cylinder is collected in a beaker; the remainder is discarded and 

the decantation continued until no material remains in suspension 

after the specified settling time. The coarse fractions are 

removed from the cylinder, dried and sieved into fractions 

ranging from 20-2000 microns. al material coarser than 100 

micron diameter is crushed to loss than this size before 

analysis. 

The 1 litre of silt + clay suspension is returned to the 

cylinder, shaken and allowed to settle for specified periods, 

which depend upon the depth of suspension to be decanted and the 

temperature (Table 47), before decantation of clay-size material. 

The first litre of clay suspension is collected and evaporated to 

dryness in a drying cupboard. The remaining clay material is 

removed by successive decantations until no material remains in 

suspension after the specified settling time. The silt fraction 

is then removed from the cylinder and dried. Both silt and clay 

fractions are crushed in a pestle and mortar, to break up aggregate,-

before analysis. 

3. Comparison of dry-sieving and sedimentation 

Two samples were treated by each of the two size-analysis 

procedures, in order to determine the effect of wet-dispersal in 

breaking down soil aggregates and in dislodging the fine material 

which adheres to the coarse fractions (Table )+8). 
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TAME 48 

Comparison of mechanical composition and Be distribution 
pattern in size-fractions of soil samples treated by 

ky-sioving and sedimentation 

Sample 
No. 

Size-fraction 
(microns) 

9e0-2000 

470-900 

Dry-sieving 

weight % 

12.9 

23.6 

pT,p.m. Be 

20 

13 

weight c7c, 

3.3 

3.0 

Sedimentation 

p.p.m. Be 

40 

54 

201877-8-9 
(soil over 
schist at 

190-470 

100-190 

23.4 

13.7 

10 

7 

3.9 

9.8 

50 

25 
Bop° 2) 

80-100 5.6 6 5.5 14 

20-80 21.9 7 

2-20 21.8 5 19.2 74.5 6 6 

0-2 33.4) 5) 

900-2000 15.6 130 11.0 200 

470-900 11.7 120 9.2 125 

202221 
(soil over 
pegmatte 
at 

190-470 

100-190 

29.3 

19.8 

110 

70 

16.2 

15.1 

100 

6o 

Mistress) 80-100 11.0 75 6.3 45 

26-80 17.8 48 

2-20 12.6 65 12.9 42.2 60 

0-2 11.5) 

The comparisons indicate that considerable amounts of fine 

material may be included in the coarse fractions, particularly in 
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soils derived from schist, if the samples are not treated by wet-

dispersion. Consequently, the low Be content of the clay-size 

fraction (and other fine fractions of schist soil) may reduce 

markedly the correct Be values of coarse fractions of dry-sieved 

samples. 

The small amounts of the fine fractions which are present in 

the stream sediments would, in general, have little effect on the 

Be values of the coarse fractions of dry-sieved samples. 

2. ANALYTICAL PROCEDURES  

A. 	Provisional Improved Buffer Method for Be Estimation  

Procedure  

1. Weigh 0.5g of sieved (or crushed) sample into a silica 

crucible (25 ml) containing 2g ammonium fluoride. 

2. Mix and heat moderately for 5 min. 

3. Break up residue with a spatula and continue heating 

strongly until fuming ceases. 

4. Ilhen cool, add 5 ml of 0.2N 1.31103 and heat to boiling. 

5. Add another 5 ml of 0.2N EI03, mix by stirring and allow 

the residue to settle (about 1 hour is required). 

6. Transfer a 2 ml aliquot to a test tube (18 x 180 mm, 

previously calibrated at 10 and 12 ml) containing 10 ml of 

buffer solution. 

7. Add 1 Ea of 0.02 per cent berillon solution, invert to mix, 

and allow to stand 5 min. 

8. Compare with standnrds. 
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9. If greater than the top standard, repeat with a smaller 

aliquot, diluting to 12 ml with 0.2N HNO3  at step 6. 

Be in p.p.m. 	20 x mcg Be in matching standard 
aliquot in ml 

Standards: To 12 test tubes, each containing 10 nil of buffer 

solution, add respectively 0, 0.25, 0.5, 0.75, 1,0, 1.25, 1.5, 

2.0, 2.5, 3.0, 3.5 and 4..0 mog of Be. 	Dilute to the 12 ml 

level with 0.2N HM03 and add 1 ml of 0.02 per cent berillon. 

Invert to mix and allow to stand for 5 min before use. 

Reagents: 

1. Ammonium fluoride. 

2. 0.2 HNO3: dilute 13 ml of acid (sp.gr. 1.1.2) to i litre 

with demineralised water. 

3. Buffer solution: dissolve 95g of tri-sodium orthophosphate, 

12g of ethylenediamine tetra-acetic acid (di-sodium salt), and 

15 ml of N,N-di-(2-hydroxy-ethyl)-glycine (sodium salt, 33 per 

cent solution) in water and dilute to 1 litre. 

This solution may not have the correct pH of 12.0, due to 

variations in pH of the tri-sodium phosphate solution which 

vary by as much as 0.25 pH unit between batches of the reagent 

purchased from ditlferent suppliers. 	The adjustment to pH 12.0 

is made by adding NaOH, and although it may be controlled with a 

pH meter it is preferable to proceed as follows, particularly under 

field conditions: 

(i) Prepare 100 ml of 2 per cent NaOH solution. 

may 
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(ii) To 10 test tubes containing 10 ml of buffer solution 

add 2 mcg Be and make up to 12 ml level with 0.2N 

UN03. 

(iii) „.",(3e respectively 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 

0.8 and 0.9 ml of 2 per cent NaOH to the tubes. 

(iv) Add 1 ml of 0.02 per cent berillon solution to each 

tube, invert to mix, and inspect after 5 min. The 

tube in which the maximum blue colour has developed has 

correct pH. If several solutions have equal amounts 

of blue, choose the one in the centre. 

(v) Add the corresponding amount of 2 per cent NaOH to the 

remaining 900 ml of buffer (i.e. 90 times the amount 

used to produce the maximum blue colour). 

4. 0.002 per cent berillon solution: dissolve 20 mg of berillon II 

in 100 ml of water. 

5. Standard Be solution (2.5 mcg per ml): dissolve 196.) mg 

of BeSO4,4120 in 100 ml of 0.2N'HNO3. Dilute 2.5 ml of this 

solution to 100 ml with 0.2N HNO3. 

B. Determination of Exchangeable-Be  

The exchangeable Be of clay samples was determined on an 

aliquot of the filtrate prepared for the estimation of base-

exchange capacity (see below). The aliquot (50 ml or less) 

was evaporated to dryness in a 25 ml silica crucible over a 

waterbath, and the Be content of the dried residue was estimated 

by the buffer method described previously. 
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C. Determination of Readily-Soluble Be 

One cram of clay sample was shaken for 1 min in a test tube 

with 10 ml of cold 0.2N .!-TN03. After filtering the residue was 

washed with 0.2N HNO3, and the filtrate evaporated to dryness in 

a 25 ml silica crucible over a waterbath. The traces of HNO
3 

were removed with stronger heat over a burner. The Be 

determination was carried out on the residue in the same crucible 

by the buffer method. 

D. Determination of Base-Exchange Capacity  

The base-exchange capacity of the clay-size fraction of soils 

and sediments was determined by the method devised by Mehlich 

(1942), and used by Govett (1958). 

Procedure  

1. Leaching procedure 

Place a known weight of soil (5-20g) in a filter funnel with 

Paper and cover the soil with another filter paper. Place the 

funnel over a 100 ml volumetric flask. Leach the soil with 50 ml 

of solution A (or A)), which should be added drop by drop from a 

burette. After the solution has passed throw:h the soil allow 

about 1 hour for drainage. Now leach with water to remove excess 

Ba, using just sufficient to bring the total volume of leachate 

washings to 100 ml. Aliquots of the final leachate are used for 

the determination. 
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2. Estimation  

Pipette 10 ml (if solution A used) or 20 ml (if solution At 

used) of the soil extract into a 250 ml conical flask, add 5 ml 

of solution C and 2 drops of methyl orange. Titrate with solution 

D until the indicator has changed from orange to yellow. Add 2 

drops of N-triethanolamine, 10 ml of solution B, and about 20 ml 

of alcohol. Mix thoroughly and then add about 300 mg of 

tetrahydroxyquinone. Continue to titrate with solution D, shaking 

vigorously after each small addition until the colour changes from 

yellow to rose-red. The end-point may be difficult to see due to 

the colour being masked by the yellow produced by methyl orange. 

The titre measures the base-exchange capacity which is expressed as 

m.e.q./100g of soil as in the formula: 

Base-exchange capacity = 	500 x (ml of solution D)  
aliquot (ml) x sample weight (g) 

3. Reagents  

(1) Solution A:  Barium Chloride triethanolamine solution 

in water, approximately 0.2N with respect to Ba ions, 

and 0.12N with respect of OH ions. 

Preparation:. Dilute 50 ml of triethanolamine with 

1800 ml of distilled water. Add 130 ml of 1N-HC1 to 

adjust to pH 8.2, then 49g BaC12. 	Stopper securely 

to protect from CO2 of the air. Solution A need not 

be accurate to a proscribed normality, but it is 

essential to know its concentration and to prepare a 
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K2SO4 solution (solution B) having half the normality 

of a solution A'(in terms of Ba ions), and a H01 

solution (solution 0) having a titration value equal 

to solution A. 

(ii) Solution A!: Dilute part of solution A with an equal 

volume of water. This is used for soils which have a 

low base-exchange capacity. 

(iii) Solution B: Dissolve 17.5g dried K2SO4 in 2 litres of 

water. Pipette 10 ml into a flask, add 10 ml water, 

about 20 ml ethyl alcohol and mix thoroughly. 

Titrate this solution with solution 1!. After the 

addition of about 8 ml of At, add 300 mg of 

tetrahydroxyquinone. The concentration of solution B 

is correct when the last drop of a 10 ml aliquot of A! 

produces a permanent rose-red colour. 

(iv) Solution C: Prepare an approximately 0.12N solution 

of HC1. Pipette 10 ml into a flask, add 2 drops of 

methyl orange and titrate with solution A until the 

colour changes from orange to yellow. The concen-

tration of solution C is correct when the last drop of 

a 10 ml aliquot of A turns the solution yellow. 

(v) Solution D: A 0.05N barium chloride-triethanolaMine 

solution is used to determine the actual amount of Ba 

absorbed by the soil. lieigh out 10.4.14g dried BaC12  
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and dissolve in 1 litre of water. Dilute 

25 ml of triethanolamine in 900 ml of water, add 

about 65 ml of N HCl and adjust pH to approximately 

8.2 . Dilute with water until 0.1N as determined by 

titration against a known volume of a known concen-

tration of HC],, using methyl-orange as an indicator. 

Solution D is prepared by mixing equal volumes of the 

BaC12  and triethanolamine 'solutions. Atmospheric 

CO2 does not interfere with the titrations. 
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APPENDIX II (PUBLICATIONS) 

Publications in pocket of back cover: 

A. DEBYAM, A. H., and EBB, J. S., 1960. 

Some geodhemical anomalies in soil and. stream sediment 

related to beryl pegmatites in-Rhodesia and Uganda. 

Trans. Instn Kin. S%ietall. , Iond., 69, 1959-60 

(Bull. Instn 	Lond., No. 641, April 1960) 

329-3)1)1. 

B. Discussion and Contributions for A. 

Trans. Instn Min. Petall., Lond., 69, 1959-60 

(Bull. Instn Yin. Metall., Lond.„ No. 645, August 1960) 

637-660. 
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